DOCmiBn B^SUBE 



BO 146 037 

v> • 

TITLE 

IBSTITOTIOH 
E^OBI NO 
FOB DATE 
HOTE 

AfAIUBLE'FBOtt 



BDfiS PBICE . 
OESCBIP'IOBS 



IDEHTIFIE8S* 



s 



S£>023 238 



National Sc:ience Foundatipn iitnual Bepoxt 1976^ \. 
National Science Fouffdation, iiashingtoa, O.C. . . 
NSP-77-t > 

C77], , ' . 

140^.; Photographs aay. oot-c^pioduce veil' 
Superintendent of Docasents, O.^S. GoYernaent Priating 
Office,' -Washington, D.C. 20102 * (Stock NuBber 
038-000-003 T3-5, $3.00) . - • • . 

HF-$0.83 HC-$7.35 Plus Postage . *' ' . • _ 

♦Annual Reports; Budge'tsf * Federal Prcgraas;, 
GavernBent Bole; *IlatheBatics; 'Hatheaatics Education;, 
Prograa Descriptions; Science Education; ♦-Sciences? . 
♦ Scientific Bes'earch; Teacher Educat'ion 
♦iiati^njtl Science Foundation 



ABSTBACT 



This AocuBe^t provides higb'lights of. research efforts, 
supported by fhe Bat ional 'Science Foundation . (NSF) ifa. the areas of 
Bath°eaatics, phrsical scienices, >and engineering: astrbnoaical, ' 
atBOspheric« earth, and. ocean science^; science education ;j^research 
applied to national needs; and scientific, technological, and 
jfoternational affair;s for fiscal' ftear- 1976. Also 'in'cluded are 
listings o£ the National Sci^ce pdard, the NSF Staff Advisory. 
COBBittees and Panels, patent^ and inventions resulting froB NSF 
supported activities, and the .suBBary NSF fi»(^ncial report for . fiscal 
' year 1976. (SL) ' ' 



4 

ft 



««««««S|t« «««««« ♦♦♦♦♦♦iN^« «««««««««« 

« * Docuaentfi acgai^red by EBIC include a^ny inforBal unpab^isbed 

♦ laterials not -avaiiab^le-^xoa- otlter sources, EBIC aakes every. effOTt 

♦ to obtain t^e i>est copy a Vailai)le.. Nevertheless, itens of ftarginal 

♦ reproducibility are of*#fi encounteredfand this afffects the quality' 

♦ of the ■icMficbe and hardcopy peprod^Qctioris ERIC aakes available 

♦ Via the ERIC Document Beproductioh Setvice (EOBS) • EDRS is not' 

« responsible for t^e quality of the original docuaent. Beproductions j 

♦ supplied by EDRS a^e the best that%can be aade froft jbhe original. 



V 



us OEPARTMENTOF HEAl/^. 
i EDUCATION t WELFARE 
^ • NATIONAL INSTHA^TE OF_ 
EDUCATION 

' I 
THIS DpCUWENH HAS BE^N gfiSPRO- 
DUCED EXACTLY AS RECEIVED FROM 
THE PERSON 0« ORGANIZATION ORlG^' 
ATING IT POINTS OF VIEW OR'OPINIONS 
STATED DO NOT NECESSARILY REPRE- 
SENT OFFICIAL NATIONAL INSTITUTEpF 
EDUCAflON POSITION OR POLICY 



National Sdence 
Foundation 

IWenty-Slxtti Annual Report for Flseal YeB^ 1976 



\ 



■ i 



r 



For sale by the Suponnto ulont oM)ocuro(>nl3. II S Govornmpnt'PrintmK Office 
\vi»hinKton. I> C '20102 - Pncp $3 

Stock No 038-000-00313-5 ' ' 



Letter of Transmittal 



Washington, D C. 

Dear Mr Pre^deInt. ; K . 

I have the honor lo transmit herewith 
the Annual Report fof Fiscal Year 
1976 of the National Science^ 
Fomndation fof submission to the 
Cofigress a^requtred by thf National * 
Science Foundati6n Act of i950 , 

Respectf-uUy, 



Richard C Atkinso>\ / 
; Acifng Director, National Science Foundation 



The Hondiable 

The Presictent of the United States 

r 




' Contents * 

DirectQr's^tabement * . /. vii 

y^athemafidfcl and Physical Sciences, and Engineering 1 

Physics ' : 2 

Klhemistry ; 5 

, . ^ Mathematical and Computer Sciences 10 

Engineering . . . y. . . 14 

Materials Resear,ch ^. IS 

Astronomical, Atmospheric, Earth, and Ocean Sciences .23 

Astronomy' , * .' ..^ 24 

Atmospheric Sciences *. i. 33 

s Eacth Sciences \.,/ 39 

^ ^ Ocean^Sciences . . . ' \ . ^. . . . 43 

% Polar Programs | •.• ! . . . . 50 

Biological, Behavioral, ocral Sciences .,5 , 5^ 

Physiology, Cellular, 'and molecular Biology 56 

^ Behavioral ^nd Neural Sciences * ^ 

Environmental Biology , ,^ .62 

Social Sciences , 66 

Science Education ^. 71 

, Science Man^power Improvement 71 

Science Education Resources Improvement* 75 

Science Education Development and Research ^ ' 77 

^ Science and Society ' ' "^^ 

Research Applied to National Needs •. 85 

Resource? ' ^ . 86 

< - Environment .» , .J 89 

Advanced Productivity Researc-h and Technology 93 

Intergovernmental Science and Public Technology 96 

Exf)loratOTy Research and Technology Assessment' 98 

Scientific, .Technojogical, and International Affairs , 101 

,* Science Assessment, Policy, and Planning^ . . , 102 

, Sciencr Information Achvitups * '. 107 

International Cooperative ^cience Activities^ .. .. : . . 109 

Appendices 

. hf Naticfnal Scienc^ BoarlljNSE-5taff, Advisory 

Committees and Pan^Fs . . . .\ > 113 

B Patents and Inventions Resultini from Activities , . 

Supported* by tt\e National S/iehce Foundation 124 

C Pitiancial Report for Fiscal YeaAl976'« : 126 

D National ReaearchKZenters CT)ntractors .* 129 



ERLC 



• • • 4 



1. 



DIRECTOR S STATEMENT vn 



The Frontier is'Still Endless 
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It IS with pride that I tender th^ annuaLreport 
to the President of .th>4«€tivities of the 
National Science Foundation for the year 1976 
I propose tc^*discuss some of the specific research 
'efforfs supported by the*Foundation as well as the 
recent progress of American sci.entific research 
in general emphasizing the kind of basic inquiry, 
which it is the. primary duty of ^e Foundation to 
foster. In addition, I shall comment on some of the 
larger issues of science -policy and suggest ap- . 
proaches that may assure the continued health and 
strength of American scientific research in the 
future * ' . 

This report sets forth a broad record of the 
Foundation's support of research in areas ranging 
from the most'fundamental investigation of quan- 
tum properties of matter to apphed research dealing 
with natural disasters, environmental quabty, and 
weather and climate It also discusses t+ie FounJia- 
.tion's important role in'scierrce education, science 
rAanpower arvalysis, and science policy studies ^ 

Advances during 1976 again demonstrate that 
we have barely scratched the surface'of scientific 
discovery, The reclnt successful construction of . 
an entirely manmade gene and felated results m 
biochemfs^ry are leading us to new\sights into 
such prosaic but vital life processes as the photo-' 
synthetic fixation* of carbon dioxide and wafer by 
plants into carbohydrates and'protems for human 
*nutriticfn and the natural fixation of nitrogen com- 
pounds /or^lant use by on^-celled or^-anisms 

We fiave recorded">advances m abstract areas ► 
fike mathematics that permit the U6e of comput- 



ing machines in jnore powerful and sifctle ways, 
as well as advances in the electrical sciences 
which may le^d to the development of practical 
device^ foR ci)mmuniaations in the infrared and 
optical fre.quencies. There is evidence to suggest 

' that areas of materials research may be leading ^D 
a new ran^e ofldw^pst materials with remarkabl 
pVoperties — for example, 5i treatment of graphite 
giving it ait electrical conductivity 30 percent 
greater th4n copper. We are realizing similar ad- 
vances in understanding how catalysts stimulate 
chemical feactions of importance to major indus- 
trial processes, and the exact* way that fatigue 
impi^irs the strength oF metals subject to cyclic - 
loads . ' ' ' ' 

In the behavioral and nenral sciences, an 

^anthropologist supported by the Foundation and 
the National Geographic Society has traced man's 
origins to 3Vz million years m the past, other 
'scientists have gained important insights^ into 
the role of early experience in the development 
of "wirmg"*the adult brain, in the very early 
development of linguistic concepts in primates 
and young children, and in the growth and self- 
repair processes of the^rain. These latter devel- 
opments have importai^t implications for dealing 
with deprivation and learning disabilities in 

, children ancf ultimately, perhaps, in coping with 

. brain damage itself. 

A similar problem^is also the basis for impor- ' 

.t^nt work in the research applications ^rea^ 
There, a computerized neurological measuring 
technique shows promise for a simple screening 
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test'tc assist yi the early identification and 
remediation of chiUrerf who are hkely to develop 
learning problems. The computer ajso figures 
prominently in another important result in re- 
search apphcations^methods to improve the earth- ' 
qXiake-resistance of structures, computer programs 
developed in the course of reseaj^ch on soil 
responses to Earthquakes are now in wide use by ^ ^ 
engineering ^irms involved in structural design 
and are bein^oncorporated into building codes 
Several ilew activy^ies intended to help the 
Nation's educational institutions keep pace with f 
these raprd advances In science h^g^n in 1976, 
including one aimed primanly at improving instruc- 
tional programs at Z- and 4-year colleges NSFalso' 
began a program to make it easier and more pro- , 
ductive for private citizens, to take part in pubkc 
policy decisions-having strong science and tech- / , 
nology components # < - 

Internationally, scientific inquiry is moving / 
aHead today with a renewed vigor and fruitfulness, 
and American in;/estigators are playing a para- 
mount role in this work This situation is par- 
ticularly hearteningJiftcaiise it follows a period , 
of severe funding difficulties and even a s^se 
of pessimism wjthin the scientific community 
itself* about the opportunity which science might 
have tp cbrttnbute to America's .future Not 
all of the constraints 'and problems in the^ conduct 
of U S science are solved by any meaps, huX I be- 
lieve solutions for such difficulties as wtf face lie 
well wlthm the reach of science policy / 

■7 ■ . ■ " • 

The Role of>New Knowledge in Econoinic Growth , 

i» ^ . " ' ' ' 
Some regard modern science as t\ie intellectual " 

edifice of th«' Age of Reason, an abstij^ct equiva- 

'lerit of the majestic cathedrals vyhic^h ^xpra^he 

creative impulse 6( the medieval period. Andin- 

deed, individual scientists often derivie much the' 

same sort of aesthetic pleasure and excitement in 

contribiating^details to this structurelof^ knowledge 



as did the carpenters and stonemasons of the 
earlier' period * 

However, the* systenriatic' gathering of new 
scientific knowledge is not solely an end, in itself, „ 
even if the individual scientist has no conception 
of the ultimate practical significance of his work. ' 
Acquisition of new knowledge is a form of economic 
investment, with an importance eqjjal to land, 
labor, and capital, the more traditional components 
' of production and inves-tment. 

This ir^vestment aspect of scientific incjUiry 
IS recognized by the economist, Edward F Deriison, 
in his ma)or study, "Accounting for United States 
Economic Growth 1929-1969." Denispn tound 
that "advances in knowledge" have been of ma)or 
importance in natidn^l economic growth, partic- 
ularly in the comparatr^'ely recent period of US. 
history , 

^ He found that advances in knowledge were re- 
sponsible for about 31 percent pf the potential 

' growth rate in national income over the entire 
40-year peripd covered \>y his study' and that this 
contribution edged upward to about 34 percent- 
during the latter half of the period when there was 
a marked expansion in the number^ of new scien- 
tists and a distinct acceleration in the pace of basic 

^ research. activity It is noteworthy that this postwar 
period h^s been characterized by a new awareness 
of the importance of scientific knowledge to the* 
Nation's security and well-being, with the Govern- 
ment,* for t/ie fi^st tim^, assuming a major rple in 
the financial support of , basic research in the uni- 
versities and other instj^tut;ons It was this aware- 
ness that led to the formation of the Nati<|J^ 
' Science Foundation in 1950 and to its m^iorrole 
today m promoting a'nd supporting basic scienti/ic , 



inquiry 



The Interaction of Basic ai^ Coal-Related Research 

Mdst of us rtn readily app5reciate hovV specific^ 
' technological advances, like the automobile, ihe'* . 
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airplane, electronic communications, and'even the, 
hand-held calculator .havie increased our^ economic 
productivity and gerter^lly our natioaal well-bein^ * 
What is not generally appreciated- is that these and 
virtually ^11 other naaipr jtechnological advarices of ' 
the moderi) era are a cuhminatipn of a remarkable 
diversity of prrt?r advances in knowledge in areas 
often entirely unrelated to one another 

The Foundation has sponsored a number of 
"trace^ studies to examine in some depth the 
lineal development of important technological 
developme^it? In one study performed by the IIT' . 
Research- Institute, the critical events leading to 
the electron microscope, the video tape recorder, 
the oral contraceptive, and other technological ^ 
achievements were identified and exarnirfed in 
detail. What the in\^estigators found was that, on 
•^the average, about 70 percent of all the critical 
events necessary to realize a major te^nolo^ical 
development flow from scfentific inquiry of the most 
basic and nondirected kirxL This generalized pre- 
cursor activity tends bo peak 20 t.o 30 years before 
the appearance of.thf technological innovatton 
itself, long before the individual investigators or, * 
lamany cases, their sponsors, can have any idea of 
the practical consequences their work may lead to 

Only quite late ;h the gestation of a mapr 
technological innovation, following some act of 
"invention," do^ the scientific work begin to • 
take on an applied character, in which the in- 
quiries are aimed at achieving a syntfieSis of the 
prior knowledge in the form of a^pecjfic new. ca- 
pa^bility or product' TViis apphed research ^nd 
development contributes about 3,p percent of the 
critical knowledge necessary for a major innova- 
tion, and th.e greatest amount of it tends to be ^ 
done in the decade immed'iately preceding the 
innovation. * * ' 

A similar interaction between basic and applied 
research has been found in the biomedical' sciences, 
despite the fact that biology is understandably ^ 
more focused on specific htiman needs than are 



most of our other scientific endeavors^ In an im-^ 
portant study of ten n:ia]or advances in cardio- 
yastular and pulmonary medicine and Surgery over 
the past 5o years, Juhus H. Comi:oe, Jr.^ and the 
late Robert p, Dv\pps (Science . Vol. 192, p. 10$) 
fgund that ah average of 41 percent of all the 
cfitvcal events necessary for major advances Jike 
open heart su^feery or effective drug treatment of 
hypertension ffowed from priof vwrk of a non- 
clinical nature— that is^ research that wasn't per- * 
formed with the. expectation that it had any direct 
or indirect bearing on a clinical disorder of hurnans 

This interaction of basic aifd applieJ research 
gives us insight into the nature of technological 
innovation. It strikes me that we are dealing with 
a^ort of intellectual riverine system. As thle flow 
of ideas nears its terminus, it is a forceful and pur- 
poseful thinrg But we cannot overlook the fact that 
this great river must rise In thousj^nds and ten? of 
thousands of creeks and brooks at the highe;r eleva- 
tionsrand remotest limits of its draijiage basin It is 
the myriad contributions of the latter that grve ^he 
fiver its ultimate force and,^quit^ simply, this is 
why we must»nurture these earliest sources if 
we are to. safeguard .the creative force of the 
entire process ^ 



The Pace of Scientific Advance 

In recent year's a number of concerns have 
been expressed about whether the process of scien- 
tific discovery and innovation, with it^ potential for 
e*conomic growth, can continue at the present rate 
These issues intimately concern scientific advance ' 
itself, the process of discc^very and innovation 
which has made post-Renaissance VVestern culture i 
unique^henomenofi in human history. 

In a series of lectures delivered at Yale Uni- * 
versity in ll939, and subsequently published in, 
collected iormJScience Since Babylon, Yale University 
' Press, 19^1), the SGiecice historian, Prpfe^sor Derek 
J de Solla Price, raised important questions about 
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tite future of , science Hi observed that 80 to' $0 ^ 
percent of all the s^:ient«t$,who ever lived were 
alive at the time of his lectures, largely because o^ 
the exponential grov^th rate in the numBers of* 
American scientists. He warned, correctly, that this 
lex^nential growth rate could not continue indef- 
•initely, and he forecast that the^growth of the force ^ 
of trained scientists in the United States woUid be- 
come "saturated" within about 30 years, In fact, 
we now see a leveling-off in the numbers of trained • 
scientists whTch our higher education system is now 
producing 

Professor de-Solla Price went on to forecast a 
number of distinct ailments which would befall 
American scien^e^as the growth rate flattened. 
These include^a relentless increase in harrow 
specializations in scientific disciplines, a decline in 
interdisciplinary cross-fertilization, "too m^an^Ndis- 
coveri^s chasing too few worJcers," and a generAl - 
decline in the quality of American'science. History . 
has yet to confirm or reject Professor de Solla 
PFices predictions, but so far thp pace of .rmport^iit 
discovery conitinues*to increase 

Since 1960 we have experienced the revolution 
in farthCsciences called "pUte tectonics " Ip a single, 
bhndirtg stroke, this new theory of great, restless ' 
.plates forming tlie outer skin of the Earth unified 
old and disparate disciplirues like geology, ocean- , 
ography, seismology, volcanology, and others A 
similar revolution is under way today in the bio- 
logical sciences', largely because of the increasing 
depth-of our understanding of the role^of nutleic* . 
acids in forming the genetic bluepntits of all living 
organisms and our powerful new abilities to ex-< 
plore and manipolate complex cellular processes 
at unprecedented levels of sophistication 

^New Tools to Amplify Scientific Investigative ^ 
Pbwer . ♦ / 

. While the opening of major new frontiers has^ 
contributed to sustaining the creative forces of 



ii|odern science,' af least as large a contri&Ution 
^lias come from an array of powerful and sensitive 
new instruments and experimental tefhniques tliat 
amplify the^investigative power of our scientists. 
. These new instruments and techniques, many with 
' origins in physics, have been e s pec iall)«^ helpful 
in chemistry and biology where they increase both 
the scope ahc^ speed of scientific measurement and 
analysis. The new instruments and techniques 
dramatize the fact that our progress in scientific 
disciplines need not be limited to the sheer num- 
bers of trained stientific brains that we can mobil- 
ize to gather data and solve problems. This is most 
encouraging'in a period v^hen we see that the' 
earlier rapid growth in our scientific manpower is 
leveling off. I^et'"me mention some of these develop- 
ments in somewhat greater^etail:- 

Laser Pkoiochemislry and Spectroscopy— The laser 
is unique in itgrability to genetate sK^rp, powerful 
pulses of highly coherent radiation at optical and 
near-optical wavelengths. Unlike the traditional 
BurTsen burner, whose heat excites molecular boncfs 
indiscriminately, usually breaking the weakest ones 
' first, certain types of las!ers\3perati|[ig in the 
infrared can be tuned to specific chemical bonds 
within the molecule This may make it feasible to 
deliver several quanta of energy to this bond> pos- 
sibly Causing it to disrupt, while weaker boncfs are 
leftlntact This raises the possibility that high- ' 
powered lasers will find major new roles for such 
tasks as the separation of hea^y isotopes bf ele^^ 
ments likev,uranium as well as the selective syn- 
thesis of new^m^lecular'sp^cies and compounds 
■ beyond the reach of the reaction paths presently 
available to chemistry. 

^ Computer ^u^meniaiwn of EiisHng JS^umenls— , 
The rapid spread of the minicomputer and micro- 
• computer' into the laboratory now enables scien- 

tists to achieve new levels df speed.and sensitivity 
, with their more conventional instruments, like 
nuclear magnetic resociance spectrometers Com- ■ 
puters, together, with powerful mathematical pro- 
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grafnsr enable chemists to generate fast, accurate . 
spectral jneasurement? from, exceedingly small sam- 
ples of material Mathematical techniques pow make 
4t possible to construct three-dimensional images 
to very high resolutfon in electron microscopy, ahd ^. 
there has been^a rapid development of instruments 
v^ith small, byilt-inxomputers that allo^ essen- 
*tially automatic operation ' 

Kesi'rKUon Efizum^s — In the biological revolution 
now under way, one of the most impoi^tant ad- 
^ vances has been the identification of an array of 
speciali-zed proteins in bacteria — the restriction 
enzymes — v^hich cleave strandb of nucleic acids at 
highly specific points The nucleic acid^ DNA, en- 
codes the genetic information fhat specifies the 
architecture anil function of living organisms from 
vituses to man The task of identifying* the s^- ^ . 
'quence of subunits in a DNA molecule of a sirtgle 
gei^e IS greatly facilitated by the use of enzymes^ 
Today a chain of 20 DNA subunits can be se- 
quenced in a singfe afternoon Only a fpw years 
ago. It took as long as 2 years to perform this task 

Molecular C/omin^^— Molecular biologists have 
recently found ways to transfer genetic material 
from one organism into an unrelated organism, 
where it may replicate and hopefully function in 
a normaf manner. Experiments involving the use of 
such recombinant DNA material must be conducted 
in accord with guuJelines<.set by the National 
^Institutes of Health to minimjze risks of untoward 
results Tills technique offers new possibilities 
for exploring and manipulating the biochemistry 
of one-cefled organisms at unprecedented lev'els 
of sophistrtation 

For example, if certain plasmids are used to 
transfer foreign DNA mto the- bacterium, £ coli. 
'as many as 1,000 copies of the transferred DNA 
can be produced^at each divi^sion of the bacterium 
•This process o(''gene amplification" cbuld lead 
to the inexpensive production of ^transferred genes 
withvuseful characteristics, such as the gene that ^ 
spe||fies* the production of the en-?yme nitro^etiase 
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< ,This eniyLie permits certain bacteria associated 

with sorfie plants to incorporate free atrrrospheric 
. ^ nitrogen into organic molecules. This offers the 
possibility of transferring to cereal-proc{ucin^;plants 
the genes specifying the nitrogen-fixation 
capabjjity, alleviating the plants of their* dependence 
on costly cherpical fertilizers to assure nfta^mfim ^ 

'4 

groy^th and protein yield, ♦ 

Many barriers must be"surmounted before we 
can hope to tailor the genetic characteristics of 
plants and other or^ganisms^in 'directions which * - 
will improve man's welfarie Nevertheless, We can 
be optimistic that recombinant DNA* and molecular 
' cloning will lead in the relaUv^l)rtiear future to 
new capabilities in biology. One of tlie* often cit^d 
new possibjit^es'is the insertioif into £. coli of ^he 
gene from higher organisms controlling the syn-,/ 
thesis of insujin and other importantih^rmones 
Currently, these hormones must be 'obtained 
through much fhore expensive methbds and often 
in limited amounts. Utilization of the DNA reCom- 
bvnant'nlethodot^gy js likely to lead to increased 
availability of such hormones. ^ ' , 



Some Constraints on U,S, Science 

While the-current health and strength of the 
American scientific enterprise is reassuring, I do 

believe we shoula^overlook*certain areas df^ 
potential difficulty 

• First, we should be aware that one of the 
prime factors in the overall success of American* 
science is ^ts remarkable diversity Not. only ar.^ 
there mJny investigators in universities, nonprofit 
institutions, government, anJ industry attacking 
^ fundan^entaj scientific problems from many differ-^ 
ent directions, but support for this activity has tra^ 
/dftionally come from many sources. 

In the post-World War II period, the Federal 
Government has beci^me the dominant source of 
support for basic research Yet in recent years . 
there has been a tendency to narrow the scope of 
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' basic research which can be condBtted in or sup- 
ported.by certain elements of t*^ Government, 
notably the Defence Departn^ent We must ask oi^r- 
selves, whether, in a period in which U S. security 
^^pends overwheltfiingly upon t^chnplogical super- 
iority, it is wise to inhibit the involvement of OXir 
defense establishment to the full flow of new kJeas 
necessary 'to maintain this superiority Lam mind- 
*ful that the Found4tion has a major' responsibility 

• withip the Government to support basic research, 
but I do not interpret this as an exclusiv.e respohs- 
ibilityT^U ^ ,science is strong because*of its plural- 

* i^tic character, ana we must bear this in mind 
when we consider the need for. fnultiple wellspnngs 
of Its support. 

• Second, we must develop more cealistic . 

• , expectatijons about what can be'achieved by large- 

scale research campaigns ^imed at specific goals, • 
Doubtless the success of the Manhattan Project of 
World War W and the Apollo lunar program have • 
^•convinced many of our tellow c^t^^-^ns fhat highly 

. organized operatiptis of this type are the proper^ 
way to achieve spectacufar results Yet I /ear that * 
many of us lose sight of the fact that these^suc- 
cessful projects enjoyed the g6od fortune of resting 

' on a comprehensive knowledge base constructed by 

• prior scientific research largely basic in cl^aracte'r 
Unfortunately^ not all largej-scale, research can]- 

. paigns lia've the same advarltage^ and we find' that 
where t^F^^cnowledge base Is^incoitiplete or defec- 
tive^n some r.espect, no amounl^ of Federal comnrtit- 
ment can achieve solutions withouf firsf obtaining 
the needed'scientifrc understanding We are'ex- 
periencing current disappointment i^ the war on 
cancer, and this experience should give us pause 
bef(jre we.embaj-k on other large-scale programs of 
directed research, np aiatttr how socially beneficial 

' the' objectives*. 

^ ' Ha>^ing said this, Pfiasten tC) add that applied 
research is and must remain a vital component 
o\ our Federal science *proferams, particularly in 
the missioh agencies like the Defense Department 

erJc 



and NASA. Withgut it, we GQuld Jiardly have 
superior weaponry or a Viking m^sion ttrMars — 
and the latter, of course, has»given us a magnif- 
icent opportunity to conduct basic research on 
our nearest planetary neighbor m space. One o'f • 
the important activities of the Foundation is • 
the RANN progr^m^Research Applied to National 
Needs— and qne of its prime objecfl^es is to focus 
U.S science "Resources on selected national 
problems. Througti* this program the Foundation 
started a promising solar ^ergy refeatch program 
in the early l970's, well in advance of the oil 
cRsis. The program demonstrated lAe feasibility 
of heating major public buildings with solar energy 
, systems. This program was transferred to ERDA 
in fiscal year 1976 and now forms th^icore of that 
research effort. Both basic and aji^lied research 
are necessaryan a balanced effort «nd^ indeed, 
each one nourishes and stimulates the other. . , 

• 'Third* there if reason for increasing ^n- ■ 
cern about the diminis^iing prospects of younger ^ 
scientists for entry into the faculties of univer- 
sities, which presently perform more than half of all 
U.S. basic research. The proWem is complicated 

by cfemographic factor.^ which" will turn sharply ^ ' 
^ negative for college and University enrolknants in ' 
the 1980's and by the recent strongjnCrease in «th^ 
proportion of tenurefd scientists' and engineers on 
university-faculties. These circumstances threaten 
a virtual 'lockout'' in many disciplines ^nd could, 
. . over the longA- tgrm, vitiate American scientific 
performance, 

• Fourth, Ibeh^ wamust corttinu'e our 
efforts to' assure students the strongest possible 
.edutatjon in the sciences. From a pedagogical 

^"^^hii^point, the courses that have been designed 
in rpcent^ar^ for instruction in mathematics 
and the sciences in the eecoodapy schools a 
exciting'^rd chal|enging> If^they hav^ a fShjlt 
' it may be that^hey liave^been geared too narrowly 

^ to the needs of students with tVie. specialist's 
interest in these subjects. While such students 
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have received a iparvelous education, other Second-/ 
ary student^ w^ose f^n mar/ interests lie elsewhere 
may not have been so vv^ll served BecausF'one'of 
bur ctear goals is a scieatifically errtTghtened * 
citizenry /competent fQ deal with important * ^ 
policy issues in science and technology, I believe* 
^ we must give serious consideration to broadening 
'an^l Extending our science education^rograms at^ 
•the secondary level, as we have already cfone at 
the elementary level. , • • 

• Fifth, the time has come far a far-ranging > 
and detailed study to'asSist m determirnng where 
the N4tion shovild set its priorities for basic . * 
r'e^earch in-^he remaining 2(Tyeans of this cerftury 
The Foundation is presently looking into ways to , • 
^r(j)ceed with this study, arid 1 am hopeful. that its 
cqmpletion will give us a clearer view of out 
^scientific horizons and a firm basis for making 
critical policy .cficnce.s in the future 

Vannevar Bush, the principal architect bf our' 
scientific effort in World War 11, wrote in, 1^45' 



"Basic research leads to new knowledge. « 
^It provides scientific capital It creates 
^ th^funds ffom which the practical 5pplica- 
, tion of knowledge must be draW.n. N^w f^roc^-, 
ucts and new processes do not appear'full- 
grawn Th'ey are fourkcled on niew .principles 
and pew conceptions, which in turn are 
painstakingly developed by research in 
the purest realms of science." 

• ' 

. Those word's are contained in Bush's Report, 
Science — T/ie Emilesi Frontier, which -was written 
at the request of President Franklfn'D. 'Roosevelt, 
in a time of high optimism about the role of 
sciencejn^Americj^ postwar future/ The record . 
shows that Bush's^onfidence m ^cienc^|yas well- 
placed Moreover, 1 am confident that the fron- 
tiers of sciervce are as endless today as 30 years * 
ago and* that science will cqntinue to^exert a 
dynamic and positive force in ouT^ociety for the 
next 30 ^ears andSong beyond ^ 
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Acting Dilrectop 



MATHB><MICAL AWD physical sciences. /sfND ENdPEERING 1 




Mathematical dnd Physical Sciences^ 
and EhginBering . . 



T'he Mathematical and Physical 
'Sciences, and Eagineering ^are 
• mature disciplines in the sense 
thart jhey have developed a large body 
of firmly established experimental ' 
results knit together with ger\eral^ 
cjuantitative theories The whole" 
strjucture»has attain^ a remarkable ' 
predictive and manipulative capability 
wnich is exhibited tn technological 
artifacts -raneing from e|ectric power 
stations ana suspension bridges to 
transistorize'd radios; and from synr, 
thetic fibej-s to satellites Yet there 
remain a great many ^Keas io which 
understanding is stiH incomplete, 
partly becaule our new knowledge 
leads us to ask ipcr'easingly mtelligeht 
questions about the processes of the 
physical universe Answers ' to these 
questions in turn fes well^as the 



gravity and the roW it 
delermimng the evolution, structure, 
'and fate^of the universe In engineer- 
m|,; >By what prQcesses are -solid, 
sedimejjts* trSnsportecJ in water or 
particulates ^Jiffused "* from ' smoke- 
stacks? What are the limits for coW\- 




►^^nowledge^ under- 
standing of natural ' phenomena. 
While^'most of the new kn^wledgVis, 
'expected to prove useful in the lo*ng 
run; and ^qnle' fr4t:ti6n o*f it- n^A'f 
prove jjsefcrt in>fn^diately, for th 
me^t part it [s 5uppoPted,wii;|i no pre 



rrtunicatiorts use of the vfKt channel ^K^mmitment to a particular-applica- |» 



ceipacfrty inherent in the visible spec 
.trum as an extension of the radio 
spectrum? Materials scientists* con- 
tinue to search fojr Jthe iinderlying, 
causes of cfacks that propagate and 
cause failure in metallic, ceramic, and' 
pdymeric materials in structural 



tK)%' One^ great virtue of .basic 
research is that if provides, scope for 
the examination of phenomena fj-om 



all possible points of yiew^and 

diverse applications. Many times 
Science turns a difficulty aft one point 



recognition of the multiple 



applications. And coihpuftr scientii^s ^ into* an advantage at another, so tha 
search fcr^new design principles -that 
-will lead to yet another generation of 
computing^C^ability. 

NSF's 45- programs in Mathefnatical 
and Physical Sciences, and Engineer- 



seemingly insuperable difficulties qfe 
outflanked by prego?s^ made'in what 
at first sight appearecf to ^be Wholly 
uni^lated areas. - " . 
Proposals .subnwtted to these pro- 



port of individual research projects 
The objective, of this support is to 
provfde an orderly development of 



tual init'iattVe erf -scientists - and- 
engineers. In this-sense the proposals/ 
are characterized * as. unsolicited. In 
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Mathematical arkf Physical Sciences, and Enfineering 
Fiscal Years 1974. 1975, 1976 
and Trtniition Quarter (Juty'l-S«t^t.'^. 1976) 



practical applications that rtiay even- ^ing operate primarily through sqf^ ' grams ttre generated by the intellec 
tuaJly follow) ofterwequire — ind may 
have tp wait for— -tiew tools and new 
matheit\atical techniques 

Tot example, the nature of chemical 
species at surfaces is an important, 
' fundamental, and, unanswered qyes- 
tion ^ in understa,nding surtace 
Catalysis an'd *enzyme mechanism?. 
The energy tfansfer between ol 
withm Tnolecules is just beginning to 
bf-^ understood - In mathematics^:; 
, teMriques are now being utiliz^ to 
study jth^^ prolongation of nonlinear ' 
^waves, including gravity waves and - 
long siMjj^f waves in the' oceans and 
Axe atmotphere. Ih' physics we stiJl 
search for^the ultimate fundamental 
particles and fpr an understanding oi 



{Doilirs in MiMtons) 
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additiQn to the re&earch projects, 
conferences anci workshops are sup-^ 
ported ta define and focus attention 
on* various resea^rch opportunitie's 
Most proposals are submitted by . 
' a|fedemic institutions in the United 
Sta^tes on behalf of res^rch workers 
who wish \p ansyv'er a* specific scien- 
I . tific question or questions^ Despite 
the great number and diversity of 
proposals, the>^ are individually 
evaluated by people capable jof un-^ 
dersllinding the mte^it of the re&^rch 
and the signifwcaiKe *oT the €\pected~ 
results The review process brings to 
^ear critical jnmd^ to )udge the ment 
• of th^ fJrojject that has been proposed 
In this process some 15,000 scientists 
fronp a|] parts of the country and 



om a 



abroad w^re called upon in fis^ifTyear 
l^7b to evaluate 'prOposalji for 'ithe 
Mathematical* and Physical Sciei^ces, . 
and Engineering programs A great* 
many* of the -reviewers were frpm 
universities, but many v^ere also 
'called upon from Government ai^d 
industrial laboratories ^^,nd from non- 
profit^research organizations as well 
The sutcessfui proposals provided 
support for the research efforts of 
more than 6,700 Scientists ^ and 
engineers In addition^ mor^ than 
4,200 ^graduat^ s|udents jhavjfc'an 
opportunity for experier^e ynSdBthe 
direction of some of the^Nation's best 
researchers, a betieffcial byproduct of 
the quest for new knowledge 



4- 



Physics 



Pljy^ics IS that branch of science 
which studies the^ fundanjental lavys^ 
governing matter and energy over a 
compJete range bf scale, from the 
njost elementary constituents of*" 
' m'^tter (quarks and leptonsj to the 
largest aggregation (the universe) 
The. aim is a unified interpretation of 
all phenomena into a» single, sel'f-^ 
consistent ■ explanation based on 
dpt^yled knowledge of the basic forces 
acting on particles Physics has con- 
tinuously contributed new fun- 
damental understanding of matter at 
all levels of aggregation to thevDther 
fi^ds of science, and has provided the 
underpinning^ to mapy of our cur- 
, rent advances in' .science ^nd i|ech- 
nology 

NSF physics programs contribute 
to increased* understanding of these 
phenomena by supporting high quali- 
ty research pro)ec,ts in certain ^sub- 
f\^\ds of physics FoUf programs sup- 
port experimental vNjork— elementary 
particle physics, intermediate enexgy 
^ physics; nuclear physic's; and atomiV, 
molecular, and plasma physic^ The 



theoretic*! physics program supports 
inve)^tigations on" the theq^etical 
framework within "which th^ ex- 
perimental results ar^ interpreted A 
sixth category, gravitational physics, 
supports theoretical ^nd experimen- 
tal studies on gra^aty, the weakest of 
all known forces m the universe, y* 
It has been known for decades that* 
all matter is made 'up .of baSic 
cor^ituents such as the proton, 
neutron, and^lectron, which we refer 
to as the "elementary^particles " New 
discoveries are adding considerable 
wVight to the theory that the ^ 
"elementary" particles are not the 
ultimate building blocks, but are in 
turn made up of more baSic pointlike 
constituents called "quarks" Pui;- 
suing this idea,^ NSF-supf^rted 
theorist^ at Harvard and at Cornell 
have compared recently discovered 
particles to states of an atom with 
different configurations of its con- 
stituent , etectrons They ha^e 
predicted that, like an atom, -the nc;w 
'particles should turn lato still further 
' new particleS'^^(that is, new con- 



figurations of the constituents) with 
the emission of energy m the fofm of ; 
electromagnetic radiation During the 
summer of 1975,"iabor.atones m the 
United f States and in Germany 
reported^fesults .which indicate that 
at least three of the prejlicted spc-' 
ondary .^rticles do indeed exist 

In addition, the Foundation's pro- 
gram has contributed signif'icantly to 
knowledge of these nevf particles^ 
-through an ictive program of 
research conducted b^ a number of 
expenmentnl groups, Cornell, groups 
have measurecl-the rate of production 
of' the new> {^articles ^in photon- ' 
induced "processes near the threshold 
energy At the Fefn\i Mational 
Accelerator Laboratory, a Colurnbia 
Ijniversity group ^has conducted 
similar sAidies at. /higher photon 
^ergies NSF-funded groups from 
Columbia, Chicago, Northeastern, 
Washington, and Michigan State^ 
along with Energy Research and^ 
Development . Admit^ist ration-^ 
supported groups, have measured the 
production' rate of the new particles 
using strongly interacting probes 
such as pi mesons and protons,-and 
have noted that pi mesons appear to 
be substantially morg effective th 
protons in producing these new 
states. The results of these -ex- 
periments are essential inputs to the 
tKeoretical effort - \ 

Tjhe quark structure of neutrons 
and protons (^elch ^is a^umed to be 
confposed of three quark^ has a^so ' 
beep shown to be important in 
anderstanding nuclei and nuclear 
processes An ^ NjSF-sup ported 
American Univer^ity-Stapford-Bonn 
collahorl^^n has found that scatter- 
i^ng of high-energy electrons from 
deuterium is much more 'simply 
understood in terms of a six'^quark 
structure of the deuteron than^in 
te^ms ofir the usual neutron-proton 
structure, with the binding 'force 
produced by meson exchange y\n 
work carried out m England, it has • 
been jTiown tfiat a careful study of 
nuclear, beta-de'cay permits a deter^ 
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' ipination o'f the electrical charges ' 
carried b>^ these quarks and thus 
distinguishes ^arno'ng different 
theories of the neutron and pk)t6n 
substructure ^ ♦ " ' 

In the* area of weak interactions, 
precise expllTiments are Resting our 

' understanding of nucleai^ beta-decay 
at high levels of precision A group at 
Princeton has used a Ljklotron to 
prepare excited Ne meon) nuilej 
which are then fed into ah atomic 
b.eam apparatus which 'orients their 

» spins The nudei then beta-decay and 
the asymmetrv of the deca> products 
with respect to the spin direction is 
measured, as a function of beta 
energy. The results' indiiat^ that the 
present theory of nuclear beta decay, 
which has long been accepted, may 
require modification 

The gneat exteniiion of 'astro- 
nomical observation brought about* 
by the application of technology m 
the ^arly l,^oC5's led^ to a rev^'al of 
interest in general reicftiVity, because 
it se^ed that the new objects being 
discovered (such as quasars, pxilsars, 
and compact X-r^ sources) were 
radiating more energy than could be 
supplied J^y Inuclear proc^sses^ The' 
only possfcble source o'f this energy 
appears to be gravity, which implies 
that'the objects must by vei*y concen- 
trated and must^have vexy intensf 
- gravitational fields, fields so strc$ng 
that they would significantly affect 
the propagation of light Since 1^70, • 
.theoretical re5.eaj-ch has shown that a 
gravitationally collapsing body would 
produce a black liole It has been 
suggested tha't the hidden properties' 
of a black hole could be completely 
,summanzed' by its entrSp^ A major 
difficulty with this suggestion was 
thai it led to inconsistencies, unless 
black hojes errutted thermal radiation 

^ at temperatures above zero This » 

' impossible according to classical gen- 
eral rel^iv^ity, since the classical 
theory predicts that black holes 
shk)uld not 'be visible to an extremal, 
observer 

S.W. Ha,wking of the Cahfornia 



Institute of Technology discovered, 
however, that quantum effects would 
cause black holes to emit thermal 
radiation* wnth a temperature above 
zero, and that the final stage in the 
life of a blacl^hole would produce a 
trepnendous explcision, with an 'ac- 
companying J^urst of hig^H energy 
gamma rays Hawking, L.E\ Parker' 
(Univer^itf of Wisconsin), ancTK VI, 
VVaid (University of Chicago) have 
shown that the radiation coming off 
IS like that emitted by any hot object 
in all senses,, including the fact th3t 
different mc^des and different 
numbers of particles in the saine • 
mode are completely uncorr^iat?d 

This year has seen much progr^ess, 
in small steps across the broad* 
frontiers of physics Of special note 
are the completioci of a new cyclotron 
facility, the discovery of ^ particle * 
confirming th^ existence of "charm," 
the possible discovery of new 
"sucfcrhea'vy elements" in nature, and 
tKe development of a new technique 
for mapping the enex^y levels in 
atoms and molecules 

Discovery of a [ 
Charmed Baryon 

A team ot physicists frc^m Colum- 
bia, Fermilab, Illinois, and*Hawaii has 
announced the discovery cif a charmed 
baryon — a swbatomic particje in |he 
sarae, family as protons and'neutrons 
The finding a^ds support to tTie view 
that ha'dronic iViatter — those sub- 
nuclear particles, such as the baryons, 
which interact via ' the "strong" 
'nuclear ' force — is composed of basic 
constituents known as quarks Until 
recently, the effects of ofily tliree 
types ^ of quarks have* manifesft^d 
themselves, a fourth type of quarla 
referred 'to as the "charmed quark'' isj 
required to explain <^e latest 
periments The "cha>rnn" that 
characterizes the new baryop is 
regarded as evidence that the fourth 
and "charmed" type of«* quark is 
indeed present Though ^ baryon is 



still composed of three guarks, and a 
'meson of two, we now know there 
*are four possible .types of which the . 
combm^tioas can be made 
"The idea that hadronic matter is* 
made of quarks was proposed m the 
early lPt>0's To explain the panticles 
tf\at were appearing in the ex- 
periments of that time, three quarks 
were deeded The three-quark picture 
was used with remarkable'success to 
classify the hundreds of hadronic 
particles -that appeared in eir^ 
permnents 'of the 1960_'s 

The need for a fourth quarC"w^ 
later^ suggested* to explain a 
phenomenon observed in those sub- 
/fTuclear interactions responsible for 
Hhe beta decay of nuclei 'No candidate 
Jor such a particle was observed until 
November 1974, scf the theory was • 
not taken seriously uptil then 
Because of its striking properties, the 
fourth quar-k is said to be "charpned"; 
its existence implies a whble new 
family of hadronic particles. • 

"Charm" is an ' attribute or 
behavioral characterfstic which, like # 
electric charge, is additive Nature 
produces a charmed system by 
pro\|^in^ pairs of charmed quarks, • ^ 
one positive- the other negative 
Charm appears In integral units (0, 1, 
2, etc ) both positive and negative 
Once' charm exists it almost 
indestructible Conversely it is almost 
impossible to change a system with 
no charm into a system with charm 

Although difficult to destroy, 
charm is^not completely mdestructi- ' 
ble Over very long times it is 
possible for charm to disappearowing ^ 
to tire, effect of )yeak interactions, 
w^ak because they take so long to act 
As a result, charmed particles are 
long iTved, longevity is their distinc- 
tive characterisrtic over other 
hadrons 

The discovery of th^ charmed 
baryon by physicists from Columtna 
iJniversity, Fermilab, the University 
of lilino^s.v and the University £>i 
Hawaii IS believed^ to ccuifirm the 
presence of "charm" in nj^ure" The 
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^baryon mass of 2 26 ^billion electron through its decay products, remained 

volts, Its long lifetime b^k)re dis- intact too, l^ng , before disintegrating 

Integra tWT^and its fi^al products o( be descriwd by the^ tHree-quark 

•ay exactly fit expectations based picUire The J/Psi was: tKerefbre, pre- 
the .four-quark picture. 
The group leader o£ /the reftwrch* 
teanrTthat found the oew p4i^\a^ was 



Wonyong Lee of' CoHombaa Uifh/er-/ eharm 
sity^ The effort at Columbia b'niver-C _ In^Jme coTnbii 



imed to be made gf a quark carrying 
unit of positive charm and an anti- 
^quark carrying a -unit of negative 



sit^ was supported through a gt^nt 
from the N^tionaL Science F4>unda- 
iion, and the experiment was per- 
formed at. th^ Fermi National 
" Accelerator Laboratorv 



J/Psi 
zero. 



{iTi liTTr^ tnr nnii'rTTiirm carri^i 
the charm of the quark is annulled by 
the negative tharm of the aiiti-quark 
Although the J/Psi and similar states 
discovered shortly thereafter supplied 



In the experiment, a beam cff hig.h*^ strong supportii.g, evidence, to toij- 

energy gamma rays waf^drfectey at a,^ 

beryllium target, 'producing jnamy 
^ particles Some of 'thi^se emerging' 

from the target were baryons that 

exhibited the<. characteristic! longevity 
*of a charmed particle The baryon's 

disintegration products were an 5nti- 

lambda ^Jjary on and tvyo pi fnesons,^ 

nt)ne of\ which carried the xharm 

attribute The cliarm characteristic^ 

disapJ>«T^ dy ring the disintegratian 

Through t\ie weak interaction it was 

converted into another aftribute 

known to physicists as "strangeness " 

T^e strangeness is identified through * 

the presence of the anti-lambd'a , 

baryon A shoH tim« later, billionths 

of a second, even the strangeness 

disappeared, when the anti-lambda 

barypn decayed 'mto arr\anti-proton 

baryon and a pi mes6n In tatal»t^eje 
j^^ere five observed particles which^ 
,gave tbe event its unique signature 

The charmed events ase rfjre,^^ sueh 

events were found among \B mhllior , 

high energy gamma ray interactions in 

the tclrget 
The " Columbia-Ferr^ilab-Illinois- 

H^vvaii team, long interested \t\ 

charm, intensified ats search for the ^ 

characteristic! following the (iis<;ov- 

eries in November 1^74 of the J oi» Psi 

particle— found Simultaneously by 

others at Brookhaven National? 

Laboratory and Stanford Linear 

Accelerator Center (Those e?citmg 

discoveries cfiWiifce^^ Nobel prizes in 

1976 for leaders of the two groups ) 

This .pajticle, s^ilarly • detec^ecl 



firgf the reality ^arm it 
necesS'ary- to find particles 'in which a 
charmed quark combined with one-of 
morevof|[fhe three other tyfjgs of' 
^uark^— th*ose which do not carry 
ch"ar4n ^"^nd- which impose no 
neutralising 'Wfect^ 
-w Charm, however^ remained elusive 
A ^single event believjed ^to carry 

char^ had been found, am or^ relatively stable fiucle: 
neutrmb interactions In ? J«iW5re^">|^lthpugh 
chamber at * Brookhaven National supf^hru^^y n\ 
Laboratorys Nd^^uch*can be learned, 
however, from ^fcS.inglQ^ event Other 
searches over (hk P^st two y^ars 
were futile It wa^ not untO the 
finding reported |by the Colurpbia- 
Fermilab-lllinois-Hawau group th^t 
this latent Ijpk between observation- 
^n^ prediction Hf^d be^n made 

th summary, the basic combination 
of quarks forming charmed baryOns 
has been found Physicists are cbnfi- 
dent that in'addition to th^ese charm- 
*ed j.L[i [|j:lijnj ^ rich spectrum of 
^otlT^rs, marry of which will have^ 
higher masses, iwait discovery, 

Po^^ibie "Existence pi 
Superheavy Nuclei 

One of the models that 'p^^ysicists 
usejjj^ "envision the nuclei of atoms ^ damage of alpha, partricles spon- 
pictures the components, protons and taneously emitted 'by^ • ''actinides"— 



shells generally hold^ fewer nucleons 
than higher shells A nucleus»whicH 
has just enough protons or«neutrons 
or vboth to fill Its outermost shell is ^ 
especially staHe, i e , more likely to 
ha,ve formed in the past and less 
likely to disintegrate once formed. 
The numbei;s-2, 8,>20, 28, 50, 82, and 
'126 .^were designated "magic 
members" because ni^lei with these 
oumbers of neutrons were known toj^e 
morfe stable, even though stiible 
elements in the higher pr(?^o« numbers 
had hot -been observed ^ 

The hea,viest^ commonly occurring 
element is^pl^utonii^im, which F>a9 94. 
protons. (Z=94) Nwclei with up to 103 
protons have -been foand in nature or. 
.created artificially m particle 
accelefatcjrs Nuclei having in the 
range of 114 to 130 protons were 
p/edicted to exist, the "magic 
number" 126 protons shoQld p|oduce 
thef"ls'bmd of Stability" a family of 
1 

- evidence for 
nuclei has been sought in 
fusion experiments ^nd in meteorites, 
Results, of a^ new • experiment an- 
nounced in June, 1976 give evjdence 
thcSt some of these^ nuclei may occur 
naturally and be more stable than 
expected The experiment is a 
_ collaboration between a gt^chemist, 
R.V'r^entry,-'Oak Ridge National 
Laboratory, and six nucfear 
physicists— T A Cahill and U.G. 
Flocchini bf the Unrversity of Califor^ 
nia. .Davis, and N.R. Flefcher, H.C. 
Kaufman, L.R. Me'^d^ker, and J.W' 
Nelson of Florida State University- 

Heavy efements contained m 
microscopic crystal incliftions in 
' transparent materials' such as nnica 
canVeveal themselves^ty the preserwe 
of haloS surroundjrig the^ inclusion.* 
The halos result from the radjation 



neutrons^' as arranged in orbits or 
shells so that the individual nucleo^ns 
can move without bumping into each 
other Each shell can accommodate a" 
f certain nuniber of particles, the lower 



certain heavy radioactiilt^eleijfients 
The sfz^ of the halp depends on the , 
energy of the alpha particles In $on\e 
cases, so-called giant halos, 5i to lOft* 
microns in Miameter, surround i 
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elusions These would require alpha' 
particle decay energies substantially c ' 
larger than those of known artinide 
elements such as thorium or ac- 
tmium In this experiment, monazite • 

' •inclusions in^biotite mica were bom- 

^ barjied by energetic protons In- 
clusions surrounded by normal and 
giant halos w£re irradiated by 4 7 and* 
5 7 million electron volt^ (MeV) 
protons fr<5m th« Florida State 
tandem Van de Graaff accelerator 
[_ • The experiment was designed to 
detect X-rays that would be produced 
* if an incoming proton knocked an 
electron out of the second electronic"* 
level of a superheavy atom, and an* 
electr6n froVi the third level subse- 
quently cascaded dOwn to fill the . 
hole iThe energy of ihe X-rays 
pf&duced in the cascade (depends on 
the charge of the nucleus' of the 

' atom. ^ 

From detailed analysis, of the 
^ * energies and relative intensities of 

1/ the resulting X-rays, ^ as well as the 
a|)sence ^bf. good alter^native ex- 
4|f lanations, the ' experimenters con- 
cluded the X-rays may have been 
produced by elements with 116 and 
126 protons The evidence for ele- 
ment 124 IS le?s strong * 

Experiments with improved sen- 
sitivity are uAder v^y at Florida 
State, and they should* help to 
confirm or de'ny the existence of 
superheavy jefem^ts A confirmation 
will, be particjularly interesting 
b^caufe It would imply that the 
superheavy elemgi^s have lifetimes 

^ against decay that are considerably 
longer than have been predicted 

Indiana University 
Cyclotron Facility 

On April 23-24, 1976, a new, NSF- 
supported rational facility for nuclear 
sciencj? research, the Indiana Univer- 
sity Cyclotron ^Facility (lUCF), was 
^cjedicated Construction began m 
1968 on this unique, three-stage 
nuclear accelerator The first external 
beam was obtained in September 




A national facility. The new Indiana University Cyclotron will be used to stOdy fine 
details of the structure and forces of atomic nuclei Its four separated magnetic 
sectors (the man standing fieir the centei* shows their size) simplify*the highly 
efficient particle accelerator, ease maintenance, and permit operation with low 
electrical power consumption ' • ^ • ^ 



'1975, and the first experimental .data 
were taken in October 1975 The 
cyclotron was operated at 150 MeV * 
du/TT!% most-of 1976, the full energy 
dt 20Q MeV was ^ Scheduled to be 
achieved by* the end of the yeaf ^ ' / 

The^central apparatus of the lUCV 
IS- a three-stage accelerator consisting^ 
of a^ Cockcroft-Walton preinjector 
and two cyclotrons, which are 'iden- 
tical except for scale— the main 
cyclotron is four times* larger than 
the injector cyclotron 

Each successive stage accejer^te^*^ 
positively charged partictes to higher 
energy until they are directed at a 
target by the ma\j\ cyclotron The 
expected energies .of protons as they 
are released from each stage are 0 6 
MeV from the prein)ector,» J5 MeV 
from*th? injector cyclotron, and 200 
MeV from the mam cyclotron By - 
changing the magnetic fields and the 
accelerating voltages other energies 



can easily be pbtained^ Qther particles 
such as deuteror)s, alpjia particles, 
and hthium' nuclei can. also be 
accelerated.- 

The main cyclotron operates, in 
principle, wUh 100 percent iniection 
efficiency and 100 percent extrjK:t;on 
efficiency, all the injected bearn being 
transported to the. target wi]^ ^an 
energy resolution of 0 04^ percent, or 
'smaller This permits very high 
quality experiments to be performed 
and means that very little Lesidual 
radioactjvity wilt be product m th^ 
cyclotron so th^t servicing and im- 
provements w^l be simplified. 

The separated sector design of the 
cyclotron gives a variety of 
advantages — simplicity, accessibility 
of components, "ability to operate the 
radiofrequenc]^ system at high 
voltages, ancLunusually low electrical 
power consumption 

The class of experiments to be 
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performed with the new machine will 
cover fine details of nuclear strucjture 
and nuclel^forces The contemplated 
research program is multifaceted and 
Extensive, and several specjf-ic ac- 
" tivities have been planned for the 
early running periods of the machine 
Pion production caused by prot-ons 
^mbarding nuclei, in which reactions 
yield neutral and positively chargrti 
pions from several targets. wiU be the 
suj^iect of both early experiments and 
theoretical work lUCF Elastic 
scattering from both protons ar^ 
composite projectiles off nuclei will 
test/ various theoretical mocjels cTf the 
scattering Elastic ^scattering of 
deuterons. He ^helium), and , Li 
(lithium) .^vill b^ of continuing in- 
terest, especially as the b'^am ervergies 
^re raised The IL'CF spectrggraph 
Will be used for indasjic scatterings 
studies, iVivolving proton and 
deuteron excitation on a variety uf 
nuclear targets ^ 
' * 1"he experimental program is 

- proximately one-third in^house, QTie- 
third outside 'u9er> 4nd- one-thud 
m/ide-outside collaborations All Jx- 

^perim^ntal propcxsals are consujered 
, on an equal basis by a Pro/ram 
Advjs<?r,y Committee, and a I uni- 
-versity-^ppointed committee ad^ses 
oi[i policy Both these committees are 
appointed from the n^^inal science 
community Also, '^an elected^ User 
Group CorcTmittce \b very acta'e in 

- thig -o^e/^tkm^bf th^ fa^ility^. . 

\ 

•■^ - ■ ■ 

Improved Resolution of 
Atomic and 
Molecular, structure 

Essentially all atoms and- molecules* 
should exhibit irjferactions that have 
< no,t^ been detect^Ji because o^ -the 
kmited energy res'blution of electron 
, teams' availably Most ^ these in- 
teractions have not been adequ.itefy 
•observed over their full energy r*ange 
qr width, or assigned accurate 
energies Many cither interactions 

- have doubtles^ gone undetected for 
the saHfy reasbn, while many knowp 

o ' ' \ ' • 



ones have undetected fine-struc«<uri some electrons are temporanly 

Conventional techniques for electi-on bound, --forming an • unstable, 

beam generation are limited to a nega^tivdy charged atom, argon- 

V^solution of roughly a 50 milli- minus (A') After an instant, the'A* 

electron volt (meV) spread However*^ disintegrates, scattering the efectron^^ 

a new approach is now y'ielding much m a^ direciioi] differ^'t from its 



better energy resolution 

Recent woA ^t thejomt Institute 
for Laboratory Astrophysics at 
Boulder. Colo . utilized . the 
monci^chromaticity and high intensfty 
of light from, a laser to detach 
el^ctronrs from barium atoms and 
form an electron beam of uniform 
velocity The photoelectrons are thus- 
produced with a uniform kinetic 
energy -(17 ' me\' iq , the present 



original path* Slight changes \^ 
electron -energy greatly increase or 
decrease the probability of scattering 
The en^gy range over* which the 
scattering probability is high is called* 
a resonance The resonance studied is 
expected. fr'otVi theoretical considera-i 
tions. to have a natural energy spread 
of '3 to 5 meV/»and itj observation at* 
about 6 meV" IS clos^ enough to - 
confirm the theory Methods for 



experimeni). and are then accelerated ^further sharpening the instrumental 
to the desired energy and focused on resolution are^ingotested, and still 
target atoms in a second bea'm Th^ narrower re$i>fVaiJces are being 
energy yf the electron beam is observed . ^ ^ 

carefully, controlled by varying the ' This new technique opens up an 
accelerating' potential ^ entirely new Jevel of detail of atomj^. 

First results— for the scattering or and molecular structure to accurate 
^,monoenergetic electrons from argon ' observations and alkiws a'number of 
atoms— are very encouraging As the important predictions of the theory 
beam mteracts with the argon atoms, of a-tomic structure to be checked 



Chemistry 



Chemistry dea^ with the forced 
that bind atoms into molecules, the 
forces between^ molecules that ac- 
cc^unt ^for the different forms of 
m'a'^ter, and the way the forces can be- 
\iltered for useful purposes Chemical 
reactions , are ^he transformations 
among atoms and moleciiles that 
bring about^ new arrang^nlents of 
aftoms in new ^molecules '^Chemists 

, synthesize new mtJlecules, explore 
the ways in which chemical reactions 
c^ctur. analyze the produc>{s of their 
labors, de^elgp conc^ts* thatirelate to 
btruct^ure and function, 3tudy the 
energetics of chemical and physical 

'chants from the molecular to 
macros(,opic levels, and altimately try 
to relate these ^ behaviors to the 
distVibutions of electrons in 
molecules 
Chemistry h^changed remarkably 



* Ml tfi*^. past decade, propelled by a 
combination of fresh ideas from the 
scientific community,^ technological 
advances in computers (which havW 
become an intrinsic part of chemical) 
instrUmentationi# and Federal sup- 
port'for research The environmental 
legislation of 197i provided the 
^Iriving force for a host of new 
inquiries mto the nature of chemical 
reactions of critical im^portance to 
mankind More recently the energy 
cr^isis has stimulated urgent inquiry 
into energy-related chemistry in such 
fields as synthesis, dynamics, ther- 
inodynamics, and chemical analysis, 
each of which is inescapably**" related 
to effective solutior^ of the energy 
prcfbl^em Each of these is a factor that 
has underscored the significance of 
NSF support of fundamental -research 
in a wid^ variety of chemical dis- 
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■ ciplines. This su|B)ort has contribliied' 
to recent rev9lutions in the way we 
thmk about many chemical interac- 
tions and processes 

Perhaps the next revolution in 
chemistry is ' already under* way ^ 
Technological developments in lasers- 
and, consequently, iaser chemistry 
lare beginning to provide startling 
advances in the understanding o^ 
chemical reactions on a, .time scale 
1 n,ever before achievable The laser is a 

\ superior radiation source* tliat 
, I provides the chemist a tool for/ 

'.selectively 'breaking chVmical bpnd^. 

Ifpr the selective , excitation of 
vibj^afion^ that enhance chemical 
reactions, antj for probing fhe ways' in 
which ^energy, is. transferr'Ai^ In in- 
tramolequfar and * mtdrmol^cular 
processes*. 

\ Basic^cherpical^esjparch aUo Under- 
pins a crucial componrtit *of ouc 
tiational econoniy CbrCTTTTSsts educated* 
in ^our ,ne{v%T)rk of research-based 
universities provide the 'intellectual 

♦ suste*r1irice' on \yhich the c^!%'mical 
industry relic's for staffing its.' 

'research laboratories. ]\i prdducti^n 
facilities, its technical se-rvice 
op^raiionsTand its managern^n^ at all 
levels^ 

Molecular Details of 
Keterogeneous datalysis 

,The term'catalysis com^s from the 
Greek kata — down, and lyein — loosen 
- Jon^lacob Berzelius used^this term in 
1835 to correlate a numbe5 of obser- 
vations made by other chemists in tRe 
18th and, ea#ly 19th centg^^s 
Chemical agents found to promote 
reactions were called catalysts,' and 

* Berzelius ^stulated a special force to^ 
account fpf theseXda:e|^tionsf To- 
day cafaly^^s play ^rfrucial. economic 
role in the chemical industry, and 

. perhaps of c\en greater importance is 
the , fact that nearly all of the 
processes of life involve catalysts ot, 
some sort 

A hetej"ogeneous catalyst is or- 
dinarily a %olid substance, the 
catalytic ftinction occurs a\ its sui*- 



, face It has been estimated that the, 

. value of goods produced annually^ in^ 
this country which mvolve at least 
one* heterogeneous catalytic conver- 
sion step in their manufacture ex- 
ceeds $100 bill ion. These uses include 
the fine chemical and pharmaceutical 
Industries, the oil and petrpchemical 
industries, and, ^he Conversion of 

^ noxious pollutants prior to^ their 
dis^arge into our, environment 
Despite the importance > of heter- 
ogeneous catalysts and 'their ubiq-^ 
uitous use. the molecular details by 
which cat^flysts ^function 'are largely 
'unknown If ihese details were CTn- " 
ders&G^. then catalysts could, be 
t^lored for* s'pecific 'use This could ^ 
improve their efficiency and return 

^ vast savmgs in precious raw materials 
and energy , ^ 

An endunr^g coritroversy among 
chemiM^ IS whetl^r the geometry dr. 
the electronic s^A:tur^ of a surface 
determine . the .catalytic 'efficiency 
Both are/ irl. tact. ^important/ and both 
must be^ und^rstoocT if* "the mecha-- 
nisms of elem^tary cati^ytic reac- 
tions are tO'.)^% corfiprehended - It is 
essential to^ obt^Fn "'both ,a*'com- 
positionaf analysis aryJ a. measure- 
menl^of the vibrational structure of 
t^e catalyst surface dunng the course 
of tKe chemiial reaction T<He rea^ton 
rate ,m^y be t'elated to the -cofhposir 
tion. whereas ,the vibrational 'struc- 
jture'i^ impOrta/ji m characterizing 

J moletiilar^ reaction'*inte^rnr|ediate% and 
in formulating the redaction 
ntechanism (that is. the'pathway) by 
which reactants a re^ converted to 

"'reaction proclucts Thus, a serious 
theocehc^l effort ' to' describe"* the 
*mechrfiisms^ of catalysis, jnust -be 
coupleii to the careful measurement 
of surface ^epmetry.- ekctropic struc- ■ 
ture, compositional analysis, and 
vibrational stfuctune Einallyv a<? 
measurement of catalytic reaction 
rates IS also mandatory 

ithe experiments research by W. " 
Henry Weinberg at th^ California 

■ Institute of Technology has a^a goal 
the 'understanding of all these in 
molecular detail To insure that the 



work is perforAied' 'on well 
characterized systems, the catalysts 
are prepared in an e^^fcinely antise'p- 
tic environment; and Weinberg must 
perform^ the experiments ' -at a 
pressure comparable to that found in 
interplanetary space The experimen- 
tal techniques used are complicated, 
but the insight gained is a *ma}or'step 
^tow^^rd understanding the heter-' 
ogeneous catalytic process ' } 
\ Weinberg 'is Inves'ligating* the 
'methanation re'action, in which 
hydrAgen and car.bon monoxide* are 
combined to form methane (a clean 
fuel), pills the ' hydrogenation o£ 
pjD^ynuclear apomatiG molecules 

^TheseJatter complex molecules arj 
found Ig^'coal tars an^ are also 
products^of th« liqaefactiqn ©f coal! to* 
be useful, however, they must be^ 
modified further by chemical crack- 
ing This IS acconiplished by adding 
hydrogen rto them* thi^ugh the 
hydrogenation reaction ^Weinberg's 
research. alsV bears 'on pollutron 

* cofitrol since he studies the oxidation 
oP cafjbon ^..monc^ide and the 
simulfaneou% reduction of nitri^ 
oxide "this catalytic reactibn,. where 
,carlx)n monoxide and nitric oxide ax^ 

converted to 'the harmless reaction 
products carbon dioxide and nitrogen, 
occurs readily> in the_^ presence of* 
nrietals^ in^ fhe ej^pensive platinum 
grouf). such as platfnurr), pal4adium, 
rhoiiium. .and iridiun?. By under- 
standing the^ way in which fhe 
catalysts- function, it may be possibJe 
to- design* cheaper substitutes 



Fixing the Molecules of 



Lf^e: Bioinorganic Catah^sis^ 

Nft^ogen. wate^r,^ carBo^'n^ dioxide, 
'anfl oxygen are basic to the^^th's 
bioVpgical cycl^ These ^rtoleTiitaft'' 
'might even be catted the molecules of 
life, becaus^ tkey are es%ential m two 
of the most .important biological 
processes vjphotosy nthesis £\nd 
nitrogen fixation . The reaction* 
Between these molecules in#plant4 
yield the aminp acids and car-' 
bohydrates that are 'the essence of 
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the fopcl we eat And the energy from 
photosynthesis is released when 
carbohydrates react with oxy^lki, as 
in oxidation metabolism, -another 
fundamental life sustaining proces?' 

In nature,^ photosynthesis provides 
for the direct use-^nd storage of solar - 
energy. However, biological phofo- 
•synthesis, or fixation of carbon 
dioxide and splitting of water, is an 
extremely complex senes^ of chemical 
reactions' that are not completely 
understood Ope of the challengmg 
q^uestion^ facmg scientists today ils 
whether, such a. reaction, or a similar 
one* ta(\ , be mimicked ^in a less 
complicated way in the laboratory 
These mimicked reactio^is ate simpler 
thM-nafure's,|but they may resemble 
the corresponding biological process 
at least in some fundamental fashion 

LauriyVaska atGarkson Coll^g^ of 
Technology has discovered and deter-' 
mified the*reaction by which4certam 
simple ^ocitpounds "of indium ' ^ind 
rhod^^im (two metals of the platinum 
• family) fix carbon diojide under, 
ambient* conditions The 'reactions 
occur in solution as well ils between ■ 



the solid m'et^i compounds and gas- 
eous COj The produ«ts contain 
"fixed carbon iioxide," i.e., its stric- 
ture and\he carbon-oj^ygen bond 

"properties are drfferent from those of 
the fre^ molecule Based on sp.ectral 
and'chemic« properties,* th« caribon 
dioxide in thi product is considered to 
be b^ndecj/ to the ^ metal through 
carbon •' , * ' »^ 

, Although the reactior^s of metal 
complexes^ with nuhieroi^s small 
molecules (such as hydrogen, oxygen, 
and nitrogen), have >- been studied 
extensively during the past decade, 
studies involving carbon dioxide are 
of relatively recent origin The impor- 
tance of Vaska's discoveries lies in the 
fact tl*at^the\e reactions are reversi- 
ble Gaseous -carbon dioxide, is 
recovered when the system is 
Evacuated Inclium' and rhodium com- 

. plexes that r^act with Cfc»^Viight act 
as catalysts for the con^ension of* 
carbon dioxide to a carbdnydfcite in 
th^ presence of a hydrogen sOutce 
(e g water) *and radiant energy 
Experiments are under* way to test 
this hypothesis / ' ' 




Another achievement of importaht 
, cberrtiCal consequence has been the 
i.solation and struoturiR -characten/a- 
tion of a crucial intermediate product 
in a synthetic ni^rogerf-fixing system ^ 
This, was done -in the labdratory of 
John Bercaw at the California 
Institute of Technology The Jevelop^r 
ment of synthetic nitrogen-fixing 
systerps could ^^^^^ ^o. more 
economical prodjuction of * fert>lize^s^ 
and other nitroge^p-based chemicals, 
•which subsequently would have * an - 
impact. on woildwide foo^J'and energy ' 
issui^s , ' ~ ~ * * 

'Bercaw has ^ developed synthetic 
routes heading to- two related coAn- 
pounds containing either titanium. or 
zirconiuna These two compounds, 
permethyltitanocene, j^C^Me^)^T\, afid 
permethylzirconocene,^ (C5Me5)2Zr, 
are extremely reactive and readily 
atsbrb moi^cu'laV hitrd^^rt (N^) whert* 
exposed ' to a mtrogen atrriosphere 
' Subscjquent treatment* of the 
resulting "dinitrogen complexes" with 
hydrogen* chloride cleanly reduces a 
nitrogen molecule to hydrazine 
(N,H,) 




X Ch«micai fixtt. Laun Vaskaffarciark$on College (16ft) and John Bercaw at Caltfech (nght), in;5eparate releardh project^ have 
made progress in trying to r/imic important biological processes in their laborat(5ries Knowledge gained fram both-yaska's worV 
on photosynthesis-hke reacUons to fix carbon diOxide and Bercaw's research on a synM^etic mtrog en-fix in^ysteNi may someday, 
prove important'to problems of food and energy supplies v t > v -' ^ 

- • ' \. V- ^ 
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• Whire 4 number ^ -at h£r-tran&il ion 
metal-dinitrogen complexes have 
* been synthesized since their dis- 
covery m 1965, It ha^ not been 
possible to reduce their bound 
I mpleculaV^ nitrogen chemically The 
uaiqueicharac tens ties rjesp6nsible for^' 
chemical Activation of N', when bound 
Mo perm,ettiylzircono^ene^ and 
permethylVitano^ene^ are, ^therefore, 
of considerable interest 

' ' s * 

Infrared-Laser 
Rhotopherrffstry 

« One of the oldest rpethods of 
performing a chemical reaction is to 
simply heat a compound urTtil one or 
more chemka! bonds break I^eactions 
of this type, known as thermal 
4ecomposition5, are very useful in the 
petr«oleum^ industry, in polyrjjer 
chemistry and, indeed, in mostfareas 
of chemistry concerned with 
transformations of^matter into other 
forms One drawback of ihe conven- 
tional Keating of compounds is that it 
energizes all chemical bonds to aboijt 
^the same, extent Consequently, reac- ^ 
' tion? are diffrcult to control and 
require large inputs^of energy In 
addition, the striking feature of the 
process is that the decompositiofis 
tend tojo^cur^af only the weakest 
bonds fn the- molecule "^hisNmeans 
that if CKte desires to break a strong 
^ bond in a mX)lecuIe but leav^ a weaker 
bond irtta<^t,/an *indirect method is 
^ ^teeded,- usually one involving more 
^han one chemical transformation 
In recent years, chemists have 
started using lasers to provide energy 
for driving chemical reactions One of 
the most' Remarkable application* -of 
lasers for this purpose involves the 
use of high power (megawatt) carbon 
dioxid'e lasers These lasers emit ^ 
large flux of coherent radiatiofi in the ^ 
infrtod. region of* the electromag- 
netic splA:krum This radiation can be ^ 
used l«f supply energy to chemical 
bo^^^lfs However, ynlike therrnal 
heating, the carbon dioxide laser carf 
be tuned to ^ precise wavelength that 



corresponds' to a vibration of^ a 
specific bond in a molecule Mn this ' 
way, energy may be puf into a*' 
specific 'chemical bcjnd without 
energizmg any other bonds.. 

Ernest Grunwal4 of Brandeis Uni- 
versity has begun a study of the 
irradiation of selected ,rrtolecules 
using the carb(5n dioxide ' laser. His 
early rl^lts show that &[is method 
has the" potential of* bec6ming ex- 
tremely useful in -allowing selective 
decomposition of certain bond.s m a 
molecule, whileJceeping others intact 
He finds that^heTi compounds such 
as flporocarbons are irradiatei^* with 
pulses 'of infrarefl radiation ' from a 
megawatt carbon dioxide laser tuned 
to a specific vibration of the target 
molecule ^the compounds decompose 
via clearly defiried pathways. , 

Another remarkable aspect' of the 
laser Vradiationis that severaln^uanta 
of energy are absorbed .by "specific 
chemical bonds. This IS a direct result j 
of .the special properties of laser 
radiatiGni|The radiation is both ver)i 
intense and* cjoherent and can be 
tuned to the precise frequency of a 
strong absorption in a molecule This 
facilitates the absorption of many 
quanta olF energy Moreover, all the 
absorbed-*, energy becomes "locked'' 
into orJy the one molecular vibratiop 
that IS absorbing the 1 aser radiation 
The net result is that t^his one 
vibration is excited as if the particular 
bond were heatecl to a very *high , 
temf^erafure The bond rupture oc- . 
curs even tht)ugh the total energy of 
the radiation absorbed^ by the 
molecule is less tFian the amount of 
energy needed ;to decompose the 
substance therrpally 

When a mdWHSle' is heated to a 
high temperature, only a sj[nall por- 
tion of the applied heat is used in th^ 
^decomposition process The applied 
heat IS distributed among all the 
vi)?ration*s in the molecule, and in- 
dividual molecu les collide and 
transfer papts of the heat energy to 
other molecules and •tcii^^the walls of 
the container In the laser-indured 



reaction, on the other hand, , most of' 
the absorbed energy goes into 
energizing a particular chemical bond 
and thus is available fo initiate the 
decomposition reaction As a jesul^ 
the infrared laser induced ^process is 
very efficient 

Infrared laser photochemistry in 
its infancy The-early results, how- 
ever, indicate th^t it could be 
revolutionary for f synthetic chefn* 
istry^ In principle, it should be possi^ 
ble to apply infrared photochemisti^ 
to synthesis of otherwise inaccessible 
nr^olecules and also 'to activate^ 
nK^ecules using small fractions oPthe 
energy that has heretofore been 
neede^ Further new developments 
are expected in the neaf future trom 
several laboratories The current 
ma')or obstacle is the lack of tunable, 
high • power infrared lasers, other 
than the carbon dioxide laser Rapid 
development of that fielfl, however^ is 
expected to remove that limitation, 

Chemieal Instrumentation 

Practically all current scientific 
endeavors, particularly modern 
chemistry, are based ''on fneasure- 
ments and* on modern instrumenta- 
tion Inst^-umepts such as infrared 
and nuclear magnetic resonance spec- 
trometers, mass spectrometers, 
chromatographs, as well as a variety 
of other types, are indispensable to 
chemical research In addition, the 
revolution in modern electronics h^s 
dramatically improved the capabilities 
of these standard instruments, and . 
made available two powerful new 
toojs the ^microcomputer and the 
high power laser The foundation's 
cherhical research instrumentation 
program ,has provided the major 
share of Federal funding for sup- 
porting major 'instri|meritation ^n^ 
chemistry departments and for the 
development of-1iew instrumentation 
nckeded in chemistry ^ ^ 

Development m nuclear magnetic 
resonance spectrometers over^ the 
past 5 years provides ^^n excellent 
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exafnple of the*ma|or improvements 
made in modern ins/runrents and o/ 
the new areas of crijemical research 
that develop as a result -of these 
advances Magnetic Resonance spec- 
troscopy of prolons provides chemists 
with two basic, pieces of information 
(1) #the chemical environment of^ 
hydrogen atoms present {e g CH^, H- 
C=C, OH, etc ) and (Z) the quantity 
of each proton , species present 
Although conventional proton 
nuclear magnetic resonance is one^of 
the most powerful ^ tools at Hhe 
chemist's disposal, it bias a number of 

•\ It IS not very sensi.tive, 100 
milligrams ^r more per sample 
are needed 

In com^ijex molec^ile^, • inter- 
pretation of the proton spectra 
far? be difficult and sometimes 
^iguous 

Onfys. liquid samples* can be 
studiec 

• Informat^n about chemical or 
molecular^dynanucs is very 
Unliley' ^ 

• The instruments are difficult to 
-'.qperate and nrtamtain 

"JWith the ^I^vei^ of fast,, reliable, 
lo^ cost niifticojnpute^s and 
microcomputers, Fourier- transform 
spectrometry has replaced the older 
methods The fast F6urier-transform 
technology has greatly enhanced the 
chemical utility of nuclear magnetic 
resonance spectroscopy of protons 
and carbon-13 

Some of the advances include 

Jp Obtaining spectra from 10- 
' microgram proton ' samples is 
now routine, and 500~n,jnogram 
and 'smaller Samples can be 
measured provided that the 
saMiple IS pure • 

Natural abundance carbon-13 
' spectra' are often ^mpler to 
interpret than protor^*«^a£i:tra 
and provide a wealth of new 
information 



• In many cases high resolution 

• nuclear magnetic r^sonanc^ 
spectra s^in now be obtained on 
solids 

wide range of new informa- 
tion concerning chemical and 
itiolecular' dynamics is now 
♦available * * 

• The new instruments are ex- 
tremely reliable and easy to 
operate . 

■ ' ' 1 

This instrumentation development 
has revolutionized organic chemistry, . 
clinical chemistry, natural products 
.chemistry, and maay other areas 

Afi^exciting new development is the 
work of John Waugh and his research 
group'at the Massachusetts Institute 
of Technology By using th^ full ' 
power of 'the pulsed Fourier- 
transform auclear magnetic 
"-resonance methyod they have been 
able to obtain resolution carbon-13 - 
nuclear magnetic resonance spectra 
of solid sampjes One especially in- 
teresting direct consequence of 



Waugh's research is the application of 
this method by E.O. S^^yskal and 
Jacob Schaefer qf/ the.^^ons^nto 
Company to. the 'in-situ jTrtalysis 
various seeds, such. as soybeaig|yactd 
wheat, for the composition iP(kthe 
various oils, starches, and proteinft*in 
the seeds* Since the nuclear magnetic 
resonance nnethod is tptally no0- 
d(^tructive, the seed can be plant^. 
afc^er analysis This technique ca^i 
save years in^the amount of tim^ 
required to develop.new plant hybrids* 
whose constituents are. tailored to 
specific end uses. Another variation 
of this new method, •using double 
Fourier-transform techiiiques, . has 
enabled Waugh to measure, yf 
' favorable cases, the exact ge^etrttal 
position of the hydrogen atoms m 
crystalline samples to a precision of 
0 01 atomic units Such precisiort is 
competitive with the widely used 
method of X-ray diffraction^ the new 
. method, however, is at its best in 
locating hydrogen atorns that are n^ 
.normally observable via X-ray tech- 
niques ' ' ' ^ 
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The mathematical sciences program 
of-NSF hai two major subdivisions 
core mat^hematics and the applied 
mathematical sciences Core math- 
ematics differs from the physical 
sciences in that it does not deal 
directly with objects and events of 
the physical world Rather it is a 
^ structure dealin,g with objects of it? 
own perception, these beihg created 
in the mind of man and trans^l^d 
to the external world by gi^pRc . 
symbolism Applied mathematics \s a 
more ambiguous term It is used by 
some to refer to mathematics created 
with the end in view of understand- 
ing the world around u» A second 
usage IS to call mathematics ^applied 
whenever it is used to further man's 



understanding of phenomena which 
he observes in^the real world Thus 
the term applied mathematical 
sciences has come to be used to refer 
roughly to areas of scientific knowl- 
edge heavily saturated vvith math- 
ematical structures, sucfi as classical 
mathematical physics, operations 
research, statistics, certain elements 
of computer science, mathematicaf 
ec'onomics, and fnathemStical biology 
In terms of dollar obligations, core 
mathematics represents about 75 
percent of' the ' MSf mathematical 
sciences program, and applied 
matlilemati(;s about Z^percent In the 
instSince of'.' core mathematics, NSF 
supports most of the national effort 
While vt IS difficult to obtain accurate 
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estimates of the total support by NSF 
relative to that of ^ other agencies 
because^f administrative and ctefi- 
nitional differences, available data 
.indicate that NSF accounts for about 
60 percent, of the total Federal 
support of the rpathematicaL'sciences, 
^ and about 9j3 percent of the support 
of core mathematics 

The"health of mathematics in the 
' United States^ i^ goo'd^ Research in 
* this couijipif contiiyu^s on at least a*s 
h^gh a level j^n quality and probably 
higher in quantity^han at any time in 
our history Major, trends in research 
that have gradually emeirged m rec-ent 
time and continue to manifest 
themselves .are (l#the confluence of 
older fields to produce new arfd 
dynatnic fields of resear(;:h, (2) the 
solution of important problemsJof 
ancient vintage, and (3) the increasmg^ 
importance of algebi'^ic^ methods in 
the applications of mathematics 

Uahke* the mathematical sciences, 
wljfch haye a long and, rich tradition, 
computer science is barely 10 years 
old QWing to its rapid development, 
trends are more easily discerned than 
in a more established discipline 
Perhaps the rhost striking change has 
been the increased concern with the^ 
^fomputing process itself as dis- 
tinguished from the art of getting 
answers from the computer 

In this connection, a parallel can be 
drawn witii the role of mathematics 
in science Each scientific discipline 
devises ,jt^\ Own mathematical 
' methodology for solving th^ prob- 
lems of concern to its own area 'In 
doing so it draws from mathemahcs' 
incredibly variecj and ^enturies-old 
framework These mathematical con- 
structs ofteA arose from practical 
. needs of t)\e time that spawned .them^' 
^ often th^ were products of a quest 
' f c4 mathematical elegance 8nd beau- 
ty In any event, the mathematics 
stimulated by old problems, many^of 
them no, longer interesjtmg, is coa- 
tmually revived for the solution 'of 
pressing new problems ^ ^ 



- Computer science is rapidly assum- 
► ing that same^kind of role Not long 
ago a scientist who was adept* at 
using a computer in the solution of a 
particular class of problems, and who 
made thi« his principal activity, would 
be called a computer scientist Today, 
this IS becoming less true, research is^ 
revealing structural sirrulanties 
amon^ some .apparently very 
different problems when they are 
viewed fr6m the perspective of 
computing, and surpris-ing differences 
amon^ others The study of these 
structures and 'their significance for 
computer design, irrespective of the 
jjltimate application, is defining the 
new field pf^comp^ter sciences 

The Invariant Subspace 

Problem « 

Hiibert spaces are infinite- 
dimensional generalizations of or- 
dinary, finite, , Euclidean n-spaces 
They play a pervasive role in many 
branches of both pure and applied 
mathematics,' from representations of 
groups to quantum mechanics to 
differential equations As infinite- / 
dimensipn%il analogues, they carry ' 
both an algebraic vector strAJCture, 
which permits the useful representa- 
tion of many problems, and i;elated 
geometry -or topology, which permits 
matheTfTSticians to^ bring the''ir in- 
tuitions to bear One of the most 
intensively studied objects ^n all of 
nrlathematics is that composed of all 
mappings of a Hilbert space that 
preserve important algebraic and 
geometric properties These map- 
pings are called, the boUnded linear 
operators on the Hilbert space Some 
of, them carry a portion — a 
subspace — of the Hilbert space back 
into itself Such a mapping is termed 
"invariant " An important probliem in 
Hilbert space ^theory, the Invane^^ 
Subspace Problem, asks whefher 
every bounded .linear operator has an 
iniflj^ajpiant subspace (other than the 
zero vectoV and ' the entire ffpare) 
'Much work has been dooe op this 



phoblem, the resolution of which will 
allow greater understanding of |he 
structure of bounded linear operators 
as well as of th&^ares themselves 

Important progress toward answer- 
ing tjKis question was made recently 
in both the positive and negative 
directions A Russ*ian, V.I. 
Lomonosov, showed during 1975-76 
that the answer is ye/for a large class 
of bounded linear operators An 
e^uaWy important negative partial 
result was obtained last year by Per 
Enflo, of Stanford University, who 
pr6dut?d a Banach space (a further 
generalization of*«i Hilbert space with 
a more complicated gieometry) and-an 
operator on that space such that th^ 
vtriy invariant subspaces of the 
operator are the zercT vector and the 
M^ire srpace • 
^ 1 hus areas of uncertainty have 
been narrowed and interest m ^the 
problem has been heightened, so that 
the current ^high interest in the 
Invariant Subspace Problem seems 
certain to be intensified 

Recent RiUearch on 
Geometry: Plateau's Prot^em 

^ The elusive principles that govern 
the shapes assumed by bubbles and 
soap films have interiested scientists 
^nd mathematicians for at least a 
century Such a qn^st is not idle 
Mathematicians^ursue it because the* 
principles involved have relevance tg 
ijnportant studies of surfaces in 
geometry, -and these, m turit, have 
rejevance to minimal energy prifi- 
ciples in physics and esfgineering 

Investigation of thA- number of 
different forms taken by bubbles and, 
films suggests 'several possible prin-<, 
ciples (l*) A compound bubble or film 
stretched on a wire frame consists of' 
flat or smoothly curved surfaces 
smoothly joined together (2) There 
are only two ways in whicH |he 
su^"f*aces meet: Three surfaces -can 
meet along a smoofh curve, or six 
surfaces meeting along four curves 
can (fome together at a vertex (3) 
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Mathematibs meets biology. Skeletal remains of microscopic mar-me organisms called 
Radiolana show the curves and angles formed by th^ bubbly froth /f cells that ' 
surrounds the organisms' protoplagm'when ahve The skeletons, all tha^urvive when 
the animal dies, apparently form from \he material deported outof the /ells at the film 
margias .(From Ernest Haeckel/ Report on The Raaiofana CoHe(ped by HMS. 
Challeiiger During The Years 1873-1886 ) 



The junctions between curves always 
appear to meet at equal angles 

The Belgian physicist Joseph A F^S 
Plateau, who conducted his researchr 
irii^re than a century ago, Recorded 
these- simple gencu*al rules-^HiTTiame 
has t)€^' given to the wide ringe of. 
problems stemming from these and. 
related phenomena ^ 



Recently, Fred^iOx ). Almgrtn, Jr , 
oF Princeton UnivOTs^ty, and Jean E. 
I Taylor, of Kutgers/The State Univer- 
sity, have been /ble to construct a 
mathematical mo^el to show that the 
three basic rJlts governing' the 
geoirtetry of soip bubbles and soap 
films are a matliematical consequence 
of a simple arei-minimizing principle. 



Their proof'/ Te^eaU /the ti^ue 
geomefric underpinn/ng/of Plateau's 
Vtiks, and" gt)es be^oncH since ^the 
geon\etry of bubble^ a^id iilms is not 
fully determined by.^PUteau'i three 
rules, f^or examine, /the mean cur- 
vittuie of each/ s<?parate ^ piece of * 
surface must t/e (/onstan^ This ad- 
difional condit/on/ and alyother such 
conditions, ai/pe/r to be/sati^fied by. 
the^Almgrert-Taylor nWdfl 

Models <(f this type can ^handle, 
with some^ modification, a number of 
Variant c/roblems- Tney can account 
for tlie $Tiape of a liquid in a container 
of any iorm when ^apill^ry effects are 
present, and the/r additional applica-^ 
^onAo change/ in shape over time^ 
immnges upon an area >of • active 
ithemahcal/'resjearch witb many 
it^ntial applications 

^ mern Recognition 

(e of tfie computer to "look" 
ayobje^ts and describe what it "sees" 
^ffiefently well 'So that . either 
humans'can make necessary decisions 
or/ other computer programs can 
ake proper responses Continues to 
e a forefront research area; it has 
also become an important part of 
many computer appli^itions ^ This 
'Category of computer research is^ 
often' termed pattern recognition or 
image processing. 

One .example of a project in this 
area .which combines . forefront 
research with an important applica- 
tion IS an ^effort funded jointly by 
NSF and NIH's National Heart and 
Lung Institute. • This project is 
attempting to develop three- 
JJunensional reconstructions of rapid- 
ly moving organs such as the heart, 
and of large moving organs such as 
the lungs. . * 

Computer processing of images 
provided by X-rays or ultrasound is 
already in widespread use for brain 
.scanning and other medical pattern 
recognition problems where tke parts 
of the body'^^ire stationary. But the 
analysis and representation of motion 
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Heart and lung. Computerized reconstructions in' three dwnenafcons of tr>^ beating 
, heart (left^ and lung (right. Wrth an indentation (howing the' location of thfe heart) of 
intact animals ^re' made possible by advanced matljematlcs and ideveloping 
tofnographic equipment This technique promises to becomea powerful r/ew medical 
'diagndstrc tool (Photos by Gabor Herman/SUNY-Buffalo ) " 7^ ^ « 

. > ■ / ■ • -J 



pose »prqblems for which more effi- 
cient computer procedures (algo- 
rithms^)/ more effective computer 
configuratrons, and more efficient 
• * mathematical processes are neces- 

^ sary Thus, the research thrust 

"^•^Wocuses upon those areas 

/ The research so far— by Gabdr J 
Hern?an of-the State Uriiversit^y of 
Nevy York at Buffalo, working with 
physiologists -at the 'Mayo Clinic— has 
succeeded m X-raying the moving 
heart* and lungs 'of experimental 
anim^als- J"he 'experiments, .however, 
involve imf)Osing constraints upon 
the s)ib|ect that would Be unaccept- 
a1>le m a clinical situation Both the 
computer algorithms and the X-ray 
^equipment are being modified, how- 
ever, to bring what promises "^o be a 
powerful • tcKjl of medical diagnosis 
closer to fruition 

' Graph Problems 

' Graphs can be used to describe the 
underlying structure* of many pKob- 
lems that are solved on digital 
^computers These include, for exam- 
ple, process scheduling, minimization 
of circuit components, or traffic flow 
problems, as well as the operation of 



computer progranis tfiemselves 
Because of the wiaesbrea4 occurrence 
of these kinds o/ pro^ems, the 
procedures for solving Uhem are 
attracting a good deal of 'research 
attention 

One exarnple, representative of a 
broad class of graph problems, is the 
effort to determine whether a given 




Non-planar. It is impossible to connept 
the three houses (squares) to the tl^ree 
utilities (Circles) without at least qne 
crossing, so the resulting graph must be 
Ihree-djmensional Knowing \\ a three- 
.dimensional design can be represented 
on a two-dimensional graph is important 
in many applications, such as the layout 
of electronic circuit boards As a result of 
recent research, such problems are now 
solvable with a greatly. reduced number of 
steps . 



graph, which may have been initially* 
designed in three dimensions— in a 
prototype electronic circuit, Stor 
example— (%n b« laid out on a plane 
without crossing wireg. Tfcis is im- 
portant to»the design of circuit boards 
or' integrated electronic circuits; the 
manufacturing process requires 
planaritv/ and crossed wires would 
lead to ^hort circuits 

Until recently the kr>own algo- 
rithms required n^ steps ^ti^^lve this 
problem, where n is the number of* 
vertices (i.e , terminals) in the graph 
F(?r a circuit wjth 100 connection 
points, abput 1,000,00^ operations, 
were required Now Robert Tarjan of 
Stanford University and John Hop- 
croft of Cornell University have 
discovered an algorithrn that requires 
a number' ®f steps only proportional 
to t^ number of vertices, i.e.^ 
approximately 100 for the example 
above. 

This reduction was achieved by 
applying modern computer schence ' 
techniques^ to mathematical results 
going back almost 250 years: the 
formula developed 'in 1736 by Swiss* 
mathematician Leonhard Euler, From 
the Euler formula, one (^an deduce 
that, if a graph is planar, then there 
are no more tha^i 3n-3 edges in the 
graph. Since this implies that the 
number of edges is linear in relation 
to the number of vertices, they 
sought ah algorithm that is also 
Jineaf 

The resulting algorithm employed 
three compute'r saence techniques in 
an -optimal way. The graph |^ was * 
broken down into smaller subgraphs, 
and It was ^ prpven that, if the''4 
subgraphs ^ere planar, they could be* 
recombmed in such a manner as to 
embed the original graph in a pl^ 
this 'built on previous results oy L. 
Auslander and S.V/Parter (1^61), 
who themselves had an algorithm. 
Then Tar)an and Hopcroft insured 
that the various edges were con- 
sidered in an (optimal ordtr, so that 
once a set of edges had been con- 
sidered, it would not have to be ' 
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reevaluated And finally' they applied 
date structures of sufficient' efficiensy 
to insure that the data w^re accessed 
in the proper order The result a 



linear algorithm fox the determina- 
tion of the planarify of a {multi- 
dimensional graph, in a manageable' 
number of steps < . 



Engineering 



American ^gineenng schdols can 
be prqud of their success in educating, 
worfd leaders in science-based in- 
-novative tecl;inolo^y To a large 
extent the schools' ability to do this in 
the future depends on 'continuing 
involvement of Vacuity and' graduate 
students in research that provides 
new design principles, replaces em- 
piricism by understanding, leads to 
fundamentally new ajiproach^s in 
lievice or process design, or shows 
how relatively new science can be 
applied to the solution of important 
problems in energy coov^^rsion, re- 
source management, production, or 
other * areas of man-environment 
interactions Support for such 
research, in universities is provided by 
NSF's engineering program 

r\\f principal sourjce of 
5ig-range ' engineering, 
r^earcfi' although colleges do obtain 
support for work on more short- 
^pnge problems frofn NSF's Research 
Applied to National Needs (RANN) 
prograro«f^nd from some mission- 
oriented^ agencies Often the" early, 
"high risk" stages, of reseaj-ch are 
supported by N&F's engineering pro- 
. grams; later, when us)eful applications 
become clearly apparent, mission 
agencies or industry take over spon- 
sorship or provide supplementary, 
ittpanded support ^ 

The major research areas funded in 
engineering are electrical sciences and 
analysis (including systems science), 
engineering chemistry and energetics, 
and engineering mechanics 
^ The re*arch effort in electrical^ 
sciences has had majoj- impact on the 
newly emerging field of optical com- 



tsfSF IS the onl^ 
funds for ^5«g 
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mumcations, where visible light and 
ihfrared are used m place of radio 
frequencies to make possible vastly 
greater volume and speed of informa- 
tion transfer Work on new device 
concepts for mforma^tfon processing 
and measurement has been fostered 
by ' new developments in the un- 
derstanding of the superconducting 
state of matter and by continued 
exploration of the properties of semi-« 
condu^or materials Research in 
plasm/^ dynamics has led to- an 
understattding of some phenomena 
that will hf important to the eventual 
harnessing of the thermonuclear 
reaction for energy conversion 
New ideas in image analysis and 

' processing have found important 
application^ in medicine (radiology) 
and agriculture (remofe sensing of 
cropv damage), mathematical systems 
theory is being developed for applica- 
tion to complex energy systems, 
farge, interconnected -computer 
networks, and, possibly, socio- 
economic Systems 

Research in engineering chemistry 
•and energetics has led to a better 
understanding of mechanisms such as 
catalysis and mas^' transfer, wKich are 

i^fundamental to many chemical 
processes New methods for deter- 
mining thermo4y'riAmic properties of 
c^TTTple)^ mixture's have been devised 
which wJll be extremely useful, for 
example, in processing of natural gas 
and in"coal conversion, and in many 
other applications 

New mathematical techniques have 
been developed for the prediction of 
heat transfer in complex con- 
figurations, these are likely to lead to 
r 
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more efficient combustion with fewer ^ 
•pollutaflts. Progress- has also been 
made in •oharactenzirlg ma t hematical- 
ly the size ahd shcipe of part^clesi-an 
essential step for improved ^ Resign 

,and automatic control of particulate 
processing operations in the mineral 
industries and in waste disposal' 

Systems 

Substantial new predictive capabili- 
ty has been achieved in describing the 
transport ^of plrticle-carrying liquids 
through porous, structures— know(-* 
edge that will have a major impact on . 
the design of wastewater treatment 
facilities Improved understanding of 
porous "Structures will also be impor^ 

. , tant in devisirjig systems for secondary 
and tertiary oil recovery from partially 

. exhaustedjoil wells 

' Research in engineering mechiirqcs 
IS concerned with problems in fluid 
and soJid- mechanics which are of 
fundamental importance to engineer- • 
mg design and must be. solved if 
larger, more complex structures- 
buildings, dams,' pressure vessels- 
are to be built safely with minimum 
use of energy and materials. Concern 
extends also to water resburtes and 
environmental engineering, pollution 
control, geotechnical engineering 
(which depends upon an understand- 
ing of the properties of rock and soil), 
and to biomechanics involving the c 
application of solid and fluid 
mechanics to prol^ems irt biology; or 
medicine. 

Mew and deeper understanding of 
important phenomei^a has been ob- 
tained and new mathlmatical, com- 
" putational, and measurement tech7 
rfiques have been "applied, for 
•xample, to- turbulent mixing of 
fluids, propagation of stress waves in 
pressure containment vessels, sedi* 
ment transport in rivers, and behav- 
ior of frozen soils 

More Precise 
Yhermodynamic Dafc^ 

High purity separation and precise 
blendirfg are two crucial operations in 
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*th£ ^ujtiliza^ion af^vflatural gas and 
^«ified coal, both as fuels and as base 
cheimicals In order to achieve these 
objectives with minimal energy yn- 
sumption, ''accurate thermodynamic 
•data sucb as vapor-jiquid equilibrium 
(VLE), mixtureN density, * excess 
volume, and interactidn .coe^icients 
are indispensible Some of these data 
c have heretofore resulted from , very 
tedious experimental procedures 
while 'Others must be vakul^ted or 
predicted indirectly, from measurable 
quantities, ^^^thereby incurring -un- 
acceptable errors* Such difficulties 
can now be (^vercome by the novel 
use of the Bbrnett apparatus 

A typical Burnett run consists of 
-filling a cell v^tfi a fluid, raising it'to 
some ^elevated pressiire, apd then 
makmg - a series of gonstant- 
temperature expansions , into an 
jevacuated . second cell,* with the 
pressure recorded after *each expaa* 
sion The advantage of this basic 
Burnett procedure is that it requires 
pressure and temperature Iheasure- 
ments onty, thereby eliminatmg 



r 



expenmeil^al^ efficiency A less ob- 
vious but equally importSnt^ advan- 
tage is that the volume disto/tion due 
tQ^ pressure can be observed ,ex- 
I^erimentally relative to -the base 
isothefm , ^ 

Hal! and his coworkers have also 
Revised a mixing experiment that will 
produce extremely precise composi- 
tions, excess volumes^and interaction 
coefficients, all within th^ framework 
of th§ coupled experir%nt Most 
recently tl^j^ 'have also cooc^ived an 
e^-periment for vapor-liquid equilib- 
incorp' 
?r imo 

• Buf-nett celk Basically the magnetic 
den^simeter "is simply a magnetic float 
.that can be levitated in the fluid by a 
magnetic field The q^rrent required 
to generate enough magnetic field to 
levitate tKe float is directly propor- 
tional to the density of the fluid 
confainmg it Mat^enaNbalances ^llow 
the calculation of compositions from 
t^he liquid and vapor phase densities 
Sajnpling and <«ch-romatograpbic 
analysis, ^ w^ich are the' primary 



rmoQ studies by incorporating a mag- 
netic densimeter imo one of t^e 



ment, are thus 'eliminated These 
researrhers have successfully oper- 
ated a prototype ^ and are in the 



errors associaterf-with sampling anc^* sources of errors in the VLE expen- 
mass volume deterrhinatiqns 

Uncler support from NSF, K.R. 
Hall and his ' coworkers at Texas 
A&M University have carefully con- 
structed a heljutT\' gas-bath ther- 
mostat to maintain 'fhe temperature 
within i)r^ apparatus constant to 
within 0 0010 K Using a standarfij^ 
plajinum resistance thernEK)meter, 
temj?erature * measurement can be 
made to within^O 0^*^ K They have 
also developed a uniqu^ technique for ' 
using a differential .pressure 
transducer, greatly simplifying ob- 
servations and achieving precisions of 
better th^h 0 O05 percent of the 
pressure,*, which ar'e \^ order" of 
magnitude better than current 
manufacturer specification for thTs 
^easure'm^t'^ 

A novel coupling of the- isc^choric 
J constant- volunl^^ m.ethod with the 
basic Burnett phi^^urc ,has^also 
contrfbuted to this Substantival in- 
crease in precision as well as furth^x 



process of constructing a precise 
apparatus- with' which activity coef- 
ficieots with 0.1 percent ^ accuracies 
should be routinely possible ' 

This raseaFch was started with an 
NSF Research Inihation Grant to the 
University of Virginia, where Hall 
taught as in assistant professor As * 
the yy^ork proved to be su<fcessful and* 
the results showed cdnsiderabW 
promise for the energy indirstfy. 
Complementary support was pr(^ided 
from the ^^^/(^erican Gas Association 

Kinetics of Deep 
Bed Filtration 

Transport processes within porous 
structures constitute a body of 
phenomena that are vitally in>portdnt 
in many fields, including water and , 
wastewater treatment, chemical reac- x 
tor technology, hydfology, pil 
recovery, and biolpgical systems A 
continuing pjrogram of research in 
jjjlis area has already had a ma)of 
impact on the field because it has 
succeeded in introducing a new and 
more realistic model of the porous 
structure The^te^earch was started 
by an NSF grant to 'Chi- Tien ^d. 
Raffi.M Turi^n, of Syracuse Univer- 





Flltratior^ in deep porous be^»-^ new model taclescribe porous media— impoi^ant in 
many purification and ftrdustnal chemical .p'rocasse^—pr^icts how particles are 
filtered from a fluic^ str^arr^ collision with the'channel wall (left) It also accounts fdr 
pore blockage by acc^nfflptipn of relativl^ sm^^Tparjicle^ (right) ^ ■ 
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sity, to carry out a theoretical and 
experimental study of filtratioo 
deep poroUs^ beds, with assistance 
from then-graduate student A.C.. 
Payatakes. j 

Th^ accuA^y of the porous media 
mod?! they developed, which* con- 
sisted 6f a statistically ' distributed 
array of periodically corlstricted 
tubes, Was such as to be capable for 



or liquid and subjected to unpulsive 
and periodic, impact loadings 

However, the standard analy.tic 
technique, using expensive finite 
difference or finite element computer 
codes, can handle only th^ simplest 
"cases In recent yearsra method that 
had been developed by geophysicists 
to analyze elastic waves in layered* 
media bbunded by plane surfaces was 



the first 'time of quantitative pnedicr" applied to this problem. At Cornell 



tion of the dynamic behavior of 
*r processes within porous structures 
^ THtir results represent the first 
^ rigordVis , and quantitative theory 
'relatirtg to filtration m deep beds The 
porous media modek predicts^he rate 
of removal of p^rtjcles from the fluid* 
stream (rale of filtration) through 
calculation of particle trajectories It 
also accounts for the tremendous 
increase of pressure drop and energy 
consumption caused by deposition of 
a relatively small amount of particles 
The morphology of • the particle 
deposits and thc^ geometry of the 
porous itiedia model show t^at entire 
channels can be closed to flow by 
lodging of 5 cluster of particles at a 
narrow passage 

This work has been followed by a 
resurgence of Activity,- as well a^ new» 
- contributions, in aerosql filtration, 
.the ^.morphology of particle deposits, 
# heat and mass transfer in trickle \feds, 
and adsorption and chemical reaction 
in packed bed systems h led to the 
fact that .Payatakes, now a professor 
at ^he University of Hbuston-Jafter a 
year in industry, becamb the first 
Ame/ican to .win the Suttle AwarS of 
the Filtration Society ' 

. Dynamic Stress Analysis of 
Thick-Walled ^ 
lure ^Vesi^ts 



Pre^i 



An ' impdrta>nt pproblem that 4ih€ 
nuclear power industry nfust deal 
with * IS determining the dynamic 
stresses and displacements in thick-' 
'walled spherical and cylindrical 
pressure vessels^contJiining either air . 



University, Y.H. Pao extended this 
• Method of Generalized Rays to 
include curved surfaces in order to 
apply *it to pressure vessels Pao's 
method proved very powerful in 
handling the more comple)^ ceases, 
such as vessels with large thickness 
and off-axis loading. An important 
finding of this analyses is that large 
tensile radial stresses may develop m ^ 
the vessel when sub)ected to dynamic 
loadings 

Under static internal pressure, the 
radiai stress in a vessel is alway^ 
compressive, 'with the peak magni^ 
tude being equal to the . appliec 
internal pressure * However, Pao's 
research demonstrated that under 
dynamic loading the radial stress can 
becDme ten&jl§ as a result of multiple 
reflectionsy^f the stress waves, and 
that under * the most unfavorable 
conditions the 'tensile stress can b^ 
twice as large as the apdied pressure 
These resujts have not wen reported' 
before in the ojJen literature, and the 
possibility of-jrevelopring large tensile 
radial stresses is not included in the 
current design of concrete contain- 
ment vessels for nuHear reactors 
Since concrete is weak in resisting 
tensile stress, such a large tensile 
radial stress may generate ^tracks in 
the concrete'or cause it*^o spall. 

An unexpected result of this 
research^ relates ta the current 
procedure fos interpreting acoystic 
emission signals. Acoustic emission 
(AE) IS a new technique being 
developed to detect the nature and 
location of cracks and materials 
defects from the acoustic signals 
(elastic waves) emitted by them It is 



being applied in the nuclear power 
and other industries .to detect th^ 
possible failure of pressure vessels. 
The current state of the art is to ^lace 
a transducer on the structure and to 
count the number of events per. unit 
time. This count is th^n used to 
identify empirically the nature of th? ' 
source (defect) generating the 
acoustic emission. Pao Has shown 
from his analysis that the count of 
events per unit timfe depends not only 
on the nature of the source, blit also 
on many offier factors such as 
distance between sourc^nd receiver, 
wall thickness,'and the^pe of fluid ^ 
being Contained Yhus the existing 
AEjechnique of associating the count 
rate with the lime history of the 
source is open to s/tmt^s question. 

In order to j^^stigate this finding 
in mor^^lftWffTPao and W.H. Sachse 
hav#^^gun an experimental and- 
leoretital study of pulse propagation 
in a plate The properties of *a ^^plse 
generated by a s^tjiulated source of 
defects are being examined to deter- 
rWine the relationship between the 
time history of the source function 
and, the signal received at the 
transducer 

Novel Devices for 
Optical Commuoteations * 

>*5 -the frequency otan information 
carrying wave increases, so does its 
potentially useful bandwidth: its 
ability to carry mforma.tion The use 
of microwaves has vastly increased 
the carrying capacity of , com- 
munications channels. The' next 
quanturti )ump is^een as being in the 
use of light as the carrying medium; 
with its enormously higher frequen- 

*cies. It offers the promise of expand- 
ing usefultandwidths^by hundreds to 
thousands of' times. 
^*This spends, of course, on the 
availability of the- technology to 
transmit, receive, and convert tfie 
information carried m optical tt)m- 
tnurftcations systems. Recent 

• developments in the field have made 
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It clear that closely .spaced metals 
have the inherent ability to provide 
the high capacity (wide bandwidth) 
needed for functions such as recep- 
tion in light wave systems. It has 
been experimentally and theoretically 
determined that electronic currents at 
frequencies corresponding to infrared 
of light wa^es can flow between two 

^ such^closely spaced metals- In addi- 
tion, it has been observed that 

/ currents at two or more high fre- 
quencies can- be 'mixed together to 
generate corrents at ne*v and very 
high frequencies These results 
(Remonstrate significant characteris- 
tics that are required for sub- 
wayelength size infrared or optical 
frequency mixers, ' modulators^ rec- 
tifiers, frequency converters, and 
^ many other communication elenfents 
which are commonplace at lower 
frequencies today and which are 
necessary for communication 
systems 

Why investigate metals for optical 
* frequencies? First, the characteristic 
frequencies of metals are jn the 

I ultravidiet portion ' of tn^ elec- 
tromagnetic spectrum The electronic 
ciSttd irf. a metal interacts strongly 

* with optical radiation Also, metals in 
tlose contact with' one another can 
pass electrons between th^m within 
10*'* seconds. 

One of the processes throug 
which a light wave Interacts with 
dosely spat;/ed metals is callea electron 
tunneling. This process depends upon 
the wave naturfe of electrons (quan- 
tum mechanical effec^ Quantum- 
mechanicaJly, the electron can travel 
through the ^barrier if|the barrier is> 
thin enough* In a typical tunneling 
process, a sharpened Kingsten tip— as 
small a$ 300 Angstroms in radius — ^ 
nearly touches a gold surface. A thin 
insulating , layer separates^ the two 
metals to form the tunnel junction If 
no voltage is applied to a tunneling 
junction, no net current^of electrons 
" flows from one metal electrode to 
another Whenr a voltage is applied, 
* across the junctidn, h,6weyer, net 

" •* > 
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current flows The current-voltage 
characteristic exhibits nonlihear be^ 
ha^ior.that is associa^e^ with the 
tunneling current. 

At th e^ JJn ivep^tv . of California, 
BeiJ^eley, a /lumber of key result? 
have been obtained by T.K. Gustaf- 
sqn and his colleagues in this new 
field The highlights pf this research 
miiude the further experimental and 



iiludi 
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has also -^been shown theoretically 
that positive feedback in metal-metal 
tunneling junctions is possible. The 
last result. implies that infrared ^and 
even optical oscillators and amplifiers 
are a possibility. 

The study .of the in>^£^c«on- 
between infrared or visible frequency 
radiation and tunneling currents is an 
important part of optical electronics. 



Antenna 
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Optical hardware* The eventual devaffipment of the rich potential of optical 
communicatK3ns depends on techniques to manipulate the optical signals in useful 
devices Recent progress in the use of metal-tp-metal junctions through which 
electrons tifnnel shows (Dromise This nickel-gold jgnction diode/in which the gold 
antenna is only one-Jhousandth of fe millmneter wide, responds to infrared or optical 
frequency voltages * 



theoretical verification of electronic 
models of tunneling and rectification 
processes at optical frequencies, the 
mixing of two optical frequencies, 
and the fabrication of thin film 
junction devices ♦ that have an ex- 
tremely small area, similar to the 
pt)int contact* structure, and operate ' 
under conditions of. high junction 



Further research in this area is, likely 
to have a profound influence upon 
the ^ future development of many 
electronic - devices. In optical com- 
munication systems, tKe research 
may provide a unification of tech- 
niques used both in present electronic 
devices and in thei^merging field of 
' integrated opticfs, ^where ultrasmall 



voltage and low ojunction cCirr^nr\It_^_i:aiiiponents are ^equiredl 
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Materials Research 



Materials impact to some degree 
virtually every' aspect of modern 
Civilization They are of critical im- 
portance to manufacturing and serv- 
ice technqlogies, to national defense, 
and to the solution of cotnplex energy 
and environmental problems -One of 
the principal objectives of NSF's 
materials research program 'is to ^ 
improve man's understanding of the 
basic scientific principles, and concepts 
that underlie the p^ope^rties 6f ; 
materials Pursuit of tlies^e" objectives ^ 
involves multiple science' and 
engineering discipline's including solid 
state physics and chemistry, 
metallurgy, ceramics,^ and {5olymer 
science ^ ^ ' 

Although^Wteriais research ad- 
j vanced across a broad front during 
f the past year, particularly note- 
worthy progress occurred in the 
areas of surface science, suffer conduc- 
tivity, and in the preparation of 
materials possessing unusual proper- 
ties Sophisticated, new experimental 
techniques played key roles in .many 
of these developments, and none 
more so than synchrotron radiation 
In adJition to its exceptional intensir 
ty, ' short pulse length, and spatial 
.directionality, s^chrotron^ r^djation 
IS nearly 100 percent plane-polanzed 
This last property has been used by 
N Smith a»ul M irautn of Bell Labs 
and G. Lapeyre and t^is coworkers at 
' Montana St^te^to study the angular- 
dependent photoe mission of elect i;ons 
fr(i»m the Jayer-compoiJhd tantalum 
sulfide These ^hft^vations, 'con- 
ducted, at the synchrotron- radiation 
facility at the University of Wiscotf- 
si'n, provide , insights orito \\\% 
symmetry and energy-dependence-of 
the local electronic s^teV Such 
information is critically, imporhwt^o 
catalysts research (ifie search fir 



ways to speed up specific cHlmical 
reactions) in that it provides an 
understanding of the atomic nature 
of surfaces an4 how surface atoms 
are affected ^adsorbed molecules. 

In understanding how catalysts, 
work, one 'must kflbw thp sequence 
of steps by which the initial reaWants 
are converted to the desired 
products, i.e , the "reaction 
mechanism " At the California In- 
stitute of T;?chnology, ,W.G. God- 
dard. III, and ^his collaborators have , 
successfully used quantum theoretical 
methods to calculate the relative 
stabilities, of surface species. These 
initial results, which will be carefully 
tested against additional experiments, 
permit t"hem to identify highly unlike- 
ly reaction mechanisms and to 
propose more reasonabl^alternatives. 

Metallurgists are also contributing 
to the' advancement of catalysis 
research by studying . particle ag- 
glomeration and sintering in catalysis 
support systems operative 
research efforts by J Tien at'Colum- 
bia University and N Gjostein at 
Ford Scientific Laboratories have 
shown that 4ecrease of catalytic 
surface atea is the primary reason for 
the thermal degradation of supported, 
catalysts 

A combined theoretical and ex- 
perimental study at the University of 
California, San Diego, under the 
direction of H. Suhl and M. Maple, 
has , demonstrated the effect of a 
ferromagnetic ^ phase transition in 
nickel on the rate of surface oxida- 
tion Similar , effects have been 
observed near the ferroelectric transi- 
tion temperature of/ potasfium 
niobat^ and the structiJal transition 
temperature of cobalt it is speculated 
that these fluctuations determine the 



rate of catalytic reaction^, and tf ^ 
understood, codld result in the • 
development of more^ effective 
catalysts. . 

A number of interesting new 
materials have evolved from NSF , 
prt^grams durin^the past year. At-^e 
University of Chicago, J. Ito and his 
collaborators have succeeded -for the 
fi^st time in growing sizable, gem- 
quality, single crystals of several 
sihcates bypP^h temperature Sol- 
vent growth method The availabi^y 
of such specimen^ for xhem^fcl, 
structural, and physical property 
measurement!* ^ ha% always been 
trucial to progress in materials 
research. 

Scientists at the University of ^ 
Pennsylvani4 are synthesizing" 
selected intercalated graphite com- 
pounds f«r the purpose of under- % 
standing hbw their physical propert^^ 
ace related to ci^ystallographic, 
chemicaW and electronic ^tructurp 
factors In one instance, -graphite 
reacted with antimony pentafluoride 
yielded, a .material tvhose ekctrical 
conductivity was about 150 percent 
that of pure copper In the long term, 
such fundamental studies could l^ave 
great practical significance Grap'hite is ^ 
abundant, lighter than copper; and can 
be formed as exceedingly strong'fibers 
Finally, efforts by R. Lenz and 
W-: j. McKnight at the University of 
Massachusetts have resulted in un- 
usual polymeric materials that func-. 
* tion ^s either rigid plastics or flexible 
rubbers. Such materials, known as ^ 
thermoelastomers, have been pro- * 
duced commercially for a number of 
years? However, previously available 
piaterials lose' their mechanical 
strength at relatively low'temper- 
atures of about 100^ C The Univer- 
sity of Massachusetts' thermoelas-' 
tomers, which use pivalolactone as 
the basic monomer, retain* their 
mj^chanical integrity at temperatures 
approaching ZOO** C and possess ^ 
superior mechanical strength at room » 
temperature. 
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lyietal Surfaces 

A central problem ifi understanding 
surface" phenomena and catalytic^ 
processes js the bonding configura- 
tion of adsorbed aN^oms and 
molecules . Althrough thfs encom- 
>pas*ses both geometrical and elec- 
tronic configuration, it is currently 
the lack of geometrical infoi*mation 
that most seriously limits progress in 
the fi^ld^ because catalytic activity 

"(fcpehds crucially ' on the bonding 
geometry of the adsorbed molecules 
In a combined theoretical and ex- 
perimental program, syrfacf scien- 
tists^t the University of Pennsyl- 
v^i'a , have succeeded in demon*- 
strating hour the 'geometrical orien- 
tation of simple molecules adsorbed 
on a metal surface can be unam- 
biguously deterr^ined ^ 

The experimental approach 
employed by these researchers ^is 
angular-resolved ph'otoemission spec- 
troscopy Fn this technique, polarized 
ultraviolet light (from the %n- 
c)irot/on Radiation Facility at the 
LJnr>^rsity of Wisconsin) is directed 

. either at free m9l^cules' in the gas 
phase or -a^t the same molecules 
adsorbed on the metallic surfaces 
The incident, light excites electrons 
from the various electronic states 
within tVie molecules with an energy 
sutficiervt to e)ect them from .the 
(poiecules By measuring the energy 
distribution of the emitteci electrons 
as* a function of an^le and of the 

^polarization and energy of the inci- 
dent radiation, a wealth of informa- 
tion concerning the el^ronic arid 
. geometrical configuration of the 
molecules can be obtained 

An important key to th« problenri 
was the realization -that, wh^le ^the 
ftpeci'flc electronic structureXof {he 
molecules is modified by tlreir in- 
teraction with the surface, certain 
charact^stic ^^atures of this atruc- 

o'tu^ remaia unchanged Thus.\ the 
first 'step in the program was\ to * 

^develop a detailed understandingVof 



the > photoemission process in those 
gas phase molecules of interest to the 
surface research £. W. Plummerand 
T Gustafsson measured the photo- 
emission spectra for some 10 to 15 
moletules. including" nitrogen, carbon 
monoxide, and carbon dioxid^. while 
J Schrieffer and P Soven 

devejojjfed^a theory 'capable of quan- 
trtatively explaining the restrhing 
da^ta This joint effort ih itself has led 
to a detailed understanding of the 
^ photoionization process that repre- 
sents a major advance in the field of 
gas pha-se photoionization The sec- 
ond, step in the program was to 
modify the theory to take into 
account the changes introduced in the 
.photpemission when th^ rt1l)l««nes* 
are adsorbed on a metal surface and 
to measure the corresponding plioto- 
emission spectrum of the adsorbed 
molecules 

* This approach is currently being 
used to study o^her and more com- 
plex molecules adsorbed on metal 
surfaces and to investigate their 
^electronic as well as their geonr>^tricaI 
properties At the ^me time it 
illustrates a new and potentially 
frgitful' direction for surface and 
catalysis research, in which the 
prop^qrties of isolated gas^gvhase 
molecules are used to obiain insight 
into related ^r^.pA'ties .involving 
actu^al surfaces 

y 

The Formation of Layered* 
Struttures ' 

A', process to form layered struc- 
tures, and also amorphous composites 
and synthetic crystals not observed in 
nature, is under development at the 
Materials Research Laboratory «at 
Stanford University by a group led by 
T. ^W.. Barbee. Jr Th ese unique 
materials are of considerable potenti^ 
intere9t with respect to their mechan- 
ical. magnetKT. and superconducting 
propertie^s 

The^synthesis process makes use of 
jjhysical vapor deposition methods to 



produce alternate thin layers of 
di^erent materi/ilw on a substrate. 
The thickness of fne layers can |?e 
varied from 10 Angstroms to fnore 
lhan 5.000 Angstroms. Whereas most 
arrangements* for growing materials 
of this type 'Utilize moving sources 
that deposit the material on a fixed 
substrata the Stanford approach 
involves stationary magnetron 
sputter sources that deposit the 
layers alternately on a moviTtg sub-, 
strate This techmique yields a high 
rate of deposition of extremely! uni- 
form 'layers and permits improved 
control of important 4xpei;im6ntal 
parameters such as the energy o^f the , 
incident-sputtered atoms, interaction 
between* source and sartnple. and 
substrate temperature 

To date, composite, layered strac- 
tures of a" number of differenT 
combiRations of elements have been 
prepared having a' wide range of layer 
thii:knesses X-ray diffraction, 
together with Auger ^spectroscopy. , 
has been successfully used to -deter- 
mine both the thickness and uniform- 
ity 6f the layers (fow angle- X-ray- 
diffraction) and the structure wjthm 
the- layers (high- angle X-ray diffrac-* 
tion) In "general, 'as ih the case of' 
copper-niobium or niobium-tungsten 
composites, well defined. 'Uniform^ 
layers having structures characfer- 
istic of each of the two components 
are produced These are manma<3e 
examples of special, naturally oc- 
>turring structures in which two 
periodically alternating phases app^car 
in aJloys* under certain conditions. 
These materials had been studied 
previously by other mvestigators 
such as J. E. Milliard at the 
■Northwestern Univetsity. who found 
that they can exhibit unusuSl ^ne- 
chanical strength /ffd ductility • # 

.However, when the* thickness of 
the layers is reduced to below aj5- 
proximately 40 Angstroms, unex- 
pected ^nd unusual structure c^n 
appear In the case of both hopper- 
niobium and nuDbium-tungsten the 
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crysAl lattices ©f fKe two materials 
influence each ' other .(epitaxy) such 
that the layered structure no. longer 
exists. The resulting lattice spacing 
becomes . uniformi throughout the 
material and can range ani^where 
between that of either of the two 
constituent elements, depending on 
the relative thickhesses of the layers 
Similarly, ^e electronic properties no 
longer exhibit a periodic variation, 

.but are uniform throughout the 
structure Sinc^ copper and niobium 
are mutually insoluble in the' solid 
state, these synthetic "alloy" crystals 
represent totally new materials tha4 
are^not observed in nature Similai* 
interactions are observed m thin- 

! layered composites ci)nsisting of 
either tungsten ^ or niobipm* with 

.amorpljous rhateriaU such as ger- 

* manium or carbon In these cases? 
however, the mtet-action between the 
Mayers caif induce the normally 

. crystalline m^tal4 " Jio be#ome 
amorphous also* A^ain, since these 
metals are not normally stable'in the 
amorphous ^tate, new materials that 
do not occur in nature haye ^een 
produced 

In addition to the mtere^ in the 
physical properties of these unusual 
composite materials, they offer 
potential' for important applications 
^uch as efficient ' monochroQiators 
and analyzers for X-ray spectroscopy, 
optical 'gratings ranging from the 
infrared to the ul^i^olet, and wafe 
guides or "light pipes" for controlling 
and directing X-rays 



Measuring Tiny Polym 
Single Crystals 



amenable to study So-called 
crystalline* bulk pblymefs, however, 
are composed of the tiny, randomly 
oriented single crystals embedded in 
an amorphous matrix Therefore, 
until now It ,has been necessary to 
infer the properties ot the single 
cryst^b from experiments on these 



complex polycrystalline, multiphase 
systems. * , 

the Case Western Reserve Uni- 
versity Materials Research 
Laboratory, -R Hoffman Of the 
Physics Department, P H Geil of the 
.Department of Macromolecular Sci- 
ence, and thefr coworke/s have now 




The Simplest morphologic^T , entity 
available to polymer scientists is the 

. polymer single c?ystal Ho^^vef, true 
polymer single crystals are typically 

.only ten wavelengths of light (5 
?nicrons) on a side and ^0 atoms (0 01 
micror))^thick— the larger dimension is 
far less t4n^ the diameter of a human 
hair— and thus their physical proper- 
ties hav^ not previously been directly 




Measuring cryttal properties. A newly developed device novi/' permits the cflrect 
rr^easurement oi mechanical properties of smgle. microscopic crystals ol polymers, 
important m understanding the physical behavior of these widely used materials In a 
/'nanotensilometer" this tiny polyethylene crystal, deposited between two movable 
surfaces, has been pulled to fracturp and the force measured. The gap between the 
surfaces IS only threfe-thousandths of a millimeter (Photo by Case Westef'n Reserve 
Materials Research Laboratory ) 
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developed in imtrumetit* (capable of 
measuring directly* the mechanical 
properties of polymer single crystals 
Called the nanotensilometer, the 

. ins'trumeRt is constructed on the 
concept of an mverted pendulum and 
consists 0^ two identical platforms 
that move m concert so that external 
mechanical vibrations do not affect 
their relative position X^e tiny^ 
polynrrer single crystal is deposited 
from solution across t>te jgap between 
the two platforms The mechanicSl 
properties are measured by applying 
an electromagnetic force^ , wh^ch 

, separates the platforms and stretches 
the sdnriple The elongation of the 
sample ^ determmed from an ex^ 
tremely accurate .Tneasurement of an 

• electrical 'capacitance ' The applied 
force can be measured accurately, to a 
frac|ion of a dyne, while the smallest 
displacement that can be measured is 

, 3^ Angstroms, or about one atomic 
radius It is. planned -to utilize the 
nanotervsilometer to conduct exten- 
sive studies of the mechanical proper- 
ties of a^ variety of polymer single 
crystals The results of such measure- 
ments and their interpretation should 
be of intense jnterest to a broad 
spectrum, of the polyrtier scientific 
commupifcy , j 

Fatigue of Mc^ic Materials 

If one mechanically loads and 
unloads (cycles) an annealed metal, 
mitiallj^t hardens rapidly With 
accumulating cycles, thp hardening 
rat^^ approaches zero, a condition 
tern*d Saturation This is considered 
prereqmwte ta crack initiation, wh'^ich^ 
may lead \o fatigue failure in service 
Current theones of saturation are 
^based on transmission electr^on 
microscopy observations of dis- 
Ideations ^in* the bulk of fatigued 
samples, yet currenf understanding 
of materials behavior under complex 
loading conditions is very poor As 5n 
example, 'it is not understood why 



large loads ' followed by small cycHf 
loads are, for pertain metallic 
materials, less damaging than the 
same loads applied in a different 

C Laird and_hi* coworkers at the 
University of PennsyTvama are trying 
to understand, as a -first step toward 
the solution of such problems, ^the 
mechanism of cyclic deformatia^Tof 
copper single crystals in low/strain 
fatigue They addressed the question 
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Fatigue defo/mation. Tensile loading and 
unloading of an annealed metal results in 
initial rapid hardening - With increasing 
cycles, the hardening rate settles tozero. 
this is considered a pi'erequistte of crack 
jnrttafion and is important in failure In 
"^dy of^a copper sample, it was dis- 
covered thatlor a range of low strains, all 
strain is carrie(? by slip bands, which 
appear ^as lines on the surface As the 
applied strain is increased, the vAlume 
fraction of slip bar^Js increases At about 
1 percent shear strain the entire sample is 
a huge /(persistent) band Electron' 
microsgfdpy of these bands has led to a 
model for low strain cyclic deformation 




of whether plastic strain m saturation 
was caused by flip-flop motion of 
crystalline line defects called disIcKa- 
tion dipoles between equilibrium 
positions, or by persistent slip 
bands— concentrated regions of 
, deformation that can:-be seen on the 
surface of ^ the crystal as step-like 
offsets 

They discovered that for a range of 
low strains) all the strains are earned" 
by the persistent ^lip. bands and 
essentially none by the dense, arrays 
of dislocation dipoles As the applied 
strain # increased, the volume frac- 
tion of persistent slip bands in^e^^f es, 
unt>} at aplastic shear strainTa^ge of 
about 1 percent, the entir^ gage 

'^length IS s large persistent slip band 
They further observed that within 
the^range of strains where persistent 
slip bands are operating, the ^tress 

^re'quired to activate them is constant 
observation thaf bands slip and 
reverse in a macroscopicall/ observ- 
able manner disposed, of one of the 
competing models of fatigue defor- 
mation, primarily based i>n the con- 
cept of surface hardening Moreover, 
th^y discovered that the^ individual 
slip lines are microscopically reversi- 
ble, but that, within Jight groups of* 
lines, mfnor irreversibilities occur, 
thes& integrate over thousands of 
cycles to giVe the notch-peak 
tc^ography of which the initial 

' fatUue crack consists This is believed 
to be the first cbrect ^vider^e of 
fatigue crack nudeation. I-astly, by 
doing additional electron microscopy 

^on the bands, a model was developed 
to describe low strain cyclic deforma- 
tion 

What has been obser>7ed in single 
crystals applies to the .individual 
grains of polycrystalline aggregates 
The macroscopic stress-strath rela- 
tionship IS more complicated, but a 
method and direction of research to 
tackle this complicated problem area* 
has been 'devised 
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Astronomical, Atmospheric, Earth, 
and Ocean Sciences 



/ 



The reorganization of the FcJim.- ' 
dation in |uly 1975 resulted in 
th<* combining of NSF's pro- 
grams in the •'Astronomical, Atmos- 
pheric, Earth, and Ocean Sciences in a 
single structure to support basic 
research on, the physical environment 
on Earth and m space This com- 
' bining of responsibilities for support 
of ba«c research with siipport of 
major facilities, national centers, and 
large-scale research programs is 
beneficial for making decisions about 
the allocation of resources within the 
disciplines and for maintaining over- 
" views arid assessing the healths of. the 
. various fields 

The overaH ob)ectives of the pro- 
grams are^ (1) to obtain new knowl- 
edjge ip astronomy! and the atmos- 
pheric sciences over the entire 
spectrum of physicaj phenomena, (2) 
to provide a. better understanding of^^ 
the physical and chemical makeup of 
the Earth and its'geplogical history; 
(J) to j^bfain further insights into the 
oceans compdsition, structure, be- 
havior, and resources, and examine 
the effect of human activities on the^ 
ocean environment and vice versa; 
and (4K to advance knowledge of 
natural phenomena and processes in 
the polar , regions 

The Foundation furnishes more 
'^han haff the Federal support to 
^round-bas^d astronomy in the U- 
nited Stated. A project of 'majpr 
importance ^try; this area is the con- 
tinuing construction of the world's 
largest .and most sensitive radio 



Table 2 

AstroROfflicat. AtmospheriCt Earth, and Octan Sciences' 
Fiscal Years 1974, 1975, 1976 ' 
and Transition Quarter <July l-St^t. 30. 1976) 

(DoHan in Millions) 





FtscxI Year 1974 


Tiscsl Year 1975 


Fiscal Year 1976 


Transition Quaner 


• > r- 


Number 


Amount 


Number 


Amount 


Nifmber 


Amount 


Number 


Amount 


Astronomy 


175 


$ 9 30" 


181 




201 


$ 1113 


70 


$ 467 


Sobr Eclipse Support 


1 




-0- 




1 


06 






Atmosplwfic Sciences 


241 


< 1224 


264 . ' 


•1382 


237 


1491 


49 


2^ 


Global Atmosptwnc Research 






1 












Program 


51 


386 


- 62 




68 


' 381 


10 


100 


Climate Dynamics 


-0-. 


-0- 


10 


100^ 


31 


196 


16 


100 


E*rth Sciences 


274 


1101 


296 


12 97 , 


296 


. 1529 


117 


•423 


Ocean Sediment Coring Procram 


8 




. • 6 


1050 


5 


Ilia 


I 


350 


Oceanography ^ 


292 


1334 


327 


1528 


320 


156& 


89 


■ 454 


International Decade of Ocean 


















Expiation 


116 


' 137^ 


159 


■ 14 78 


179 


15.42 


- 26 


338 


Oceanographtc Facitrties and 


















Sttpport 


86 


- 1823 


86 


20 64 


70 


1601- 


14 




U S Antarctic Research 




% 














Ptogram # 


IIJ 


24 74 


122 


2590 


^106 


. 4858«' 


89 


1343 


Vctic Research Program 


46 


3^7 


35 


363 


46 


362 


7 


130 


Total 


1,403 


112150 




$133 49 


1.560 


$15129 


411 


S40.I7 


* Excludes (Rational Research Centers. 

** includes Supplemental Appropriation $i8& million\r procurement of two ski-eQuipped aircraft 



Table 3 

Astronomical Atmospheric. Earth, and Ocean Sciences 
. National Research Centers 
' Fiicat Years 1974: 1975, 1976 ^ 
and Transition Quarter (July l-$ept 30, 1976)' 



(DoHars m Maiions} 





"Fiscal Year i974 ^ 


Ftsc«( Year 1975 


Fiscal Year 1976 


Transition Quarter 


National Astronomy and 










Ionosphere' Center* ^^^^^..-^-^ 


$ 320 


$ 320 


% 405 


$ 110 


m Peak National Ob^SfMtory 


,7 80 * 


- 76^ ^ 


840 


215 


Cerro Tokilo Inter Americm 




t 




Observatory ' 




^ 295 


345 


90 


NatKHUl Radio Astronomy 










Observatory 


1210 






3 50 " 


National C^r for Atmospheric 










Research 


W50 


1745 


2383 


484 


Wi 


' S43 20 


SSOSf 


16128 


fU49 
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telescope,^ the Very Large Array, in 
New Mexico This array. U'onsisting 
of 27 antennas" is Scheduled to be 
(Tompleted in 1980 and will provide 
details - of the universe at radio 
wavelengths that "exceed the resolu- 
tion of ground-based optical tele- 
scopes There is great potential for 
advances in astronomy in the coming 
use of this and other new facilities 
covering several wayelength ranges 
and giving a more complete physical 
picture of cosmic ub)ects 

The increasing interest; m the 
chemistry of the lower atmosphere 
and the stratosphere, particularly the 
role of fluoroqarbons in reducing 
stratospheric ozone, has focused 
attention on the Foundation's support 
for research in the atmospheric 
sciences These studies directed at 
understanding how and why the 
.atmosphere behaves as it does have 
relied heavflv on the increasingly 
sophisticated computer models sup-^ 
ported through the National ^Center 
for Atmospheric Research in Boulder. 
Colo 

In the Earth sciences the plate 
tectonics theory .has provided scien- 
tists for the first time with a unifying 
concept of glc^bal structure and 
Composition, a model of how the 
ma^or features of the. Earth's surface 
have been formed and changed, and 
the first keys to the basic driving, 
forces of a dynamic and changing 
planet The Ocean Sediment Coring 
Program has played an important 
part in this effort through drilling 
and coring irf* the sediments and 
upper basement rocks of the world's 
ocean basins ' >? 

In the ocean sciences, marine 
scientists oVer the past -yeaj- have 
made important discoveries m the 
!tioven[ient^ of the ocean wa'^ers. the 
living 'and nonliving resources of the 
sea. and the role of the oceans in 
shaping weather and climate Three 
modern cxeartographk research ships 
have been constructed over the past 2 
years to replace .worn out ships in the 
academic oceanographic fleet ' 



In A-ntarctica.' aU management and 
funding of the U S research program 
there* has been consolidated in the 
Foundation, by 6rder of the Presi- 
dent' The peaceful pursuiit of science 



continues in coop^eration with '11 
other Antarctic Treaty nations The 
Foundation is 'also the lead Federal, 
agency for thf* extension of research 
in the Argtic ' 

■ ) - 



Astrpnomy , 



The National Science Foundation 
provides about two-thirds of the *^ 
Federal support -for ground-based 
astronomv in the United States in 
fiscal year l97b. NSF, supported 
astronomers at pver 100 universities, 
private and university observatories. 
afi^NSF -supported national observ- 
atories Astronomers at universities ^ 
and colleges a'pply to NSF for 
research grants and to the national 
centers for *observing time on riidio 
and optical telescopes The number of 
applicants/ the majority from in- 
stitutions wr'thout research quality 
telescopes, has been steadily rising 

This increasing proposal pressure is 
due in part to a phasing out of basic 
research support in astronomy at 
other agencies ^The most recent 
example is the, transfer of respon- 
sibility for the Sacramento Peak 
Observatory fron5,the U.S Air Force 
to NSF on )uly 1, 1976 But the 
primarv driving force beYiind th't 
surge in astronomy lies in the science 
Itself This year and ' in years 
preceding the re were several 
breakthroughs on the research fron- 
tier As a result, we are now much 
closer to answering some fundamen- 
tal questions of astronomy, cosmol- 
ogy. and physics The point can be 
illustrated with a few recent ex- 
arpples 

Redshift measurements place the 
quasar 3C286 at a distance of 22 
billion light-years Last year a team of 
scientists studied' 3C286 and an 
interverVing galaxy with' *a radio 
interferometer the National Radio 
Astronomy Observatory jNRAO) 



300-foot antenna in Green Bank, W 
Va , and the National Astronomy and . 
Ionosphere Center (NAjC) 1.000-foot- 

'ant&n^na in Arecibo# P.R Th^se 
Studies provided independetit evi- 
dence that 3C286 is at least 18 billion 
light-years away If quasars are at 
such cosmological distances, then 

^I^Her*^ ^measurements ' of * angular 
motions shoyv that some are moving 
at speeds exceeding {he speed of light 

' This IS. of course, in flat contradiction 
to ihe current theoreticc^l foundations 
of science / 

Since our picyjre of the 

universe" has been er/riched with the 
detection- by radio a/it^nnas of spec- 
tral radiation from( vast^ clouds of. 
interstellar •molecufes Most were 
found with the NRAO 36-foot 
millimeter wave anftehna. and last 
year NRAO added Ihe ion DCO"^ to 
the fist The <leutelrium (the D in 
DCO"^) IS primordial— having b^en 
created very soOn after the birth pf 
the universe Also, a '.new infrared 

' spectrometer on the* -Kit* Peak 
>iationar Observatory (KPNO) 
meter telescope made the first optical 
discovery of an interstellar ^organic 
molecule— acetylene. CH^ We now. 
know of 'more than two dozen 
organic molecules in deep space l 

During thf week of July 4, 1976. . 
the newly upgraded NAIC 1.000-foot 
antenna, operating as a radar.* 
mapped Martian landing sites for the 

^ NASA Vilcing 1. The new maps, 
allow^d^' NASA to alter Viking's 
original course— avoiding a possibly 
dis*astrous landing in rough terrain 
In' other areas of solar system 
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astronomy, progress. stiH depends 
heavily on ground-b^ed observa- 
tions An example is a careful study 
ot transient holes m the Sun's corona, 
made using a spectroheliogram with 
the KPNO Solar Vacu um'Telescope 
For the first time. 4* one-to-one 
correspondence was found between 
the occurrence of coronal holes and 
geomagnetic storms here on Earth . 
2V2. days later In another* study, 
gbservations ^of thi infrare*d reflec- 
tion frgm Pluto' Vidicate that its 
surface is covereo^^^vvith . frozen 
methane, which is probably left over 
from the origm of our solar system 

With ever-improving estimates of' 
the age and grosb density of the 
universe." astronomers ^are coming 
clq^er to predicting its ultimate 
evolution if th^e uhiverse is nt^t dense 
effftlgh.'or if it IS, older-than 16 to 20 
billion years, it may be "open" and 
contmue to expand forever Other- 
wise, it should reverse itb present 
expansion and tontratt Astronomers 
at the Steward Observatory. Univer- 
sity^ of Arizona, using a new image 
tube (developed as part of NSFJs 
instrument program, report *^ectral 
observations of huge clouds of gas in 
what was thought to be empty space 
fcfetween gaLi^ies Discoveries such as 
this tend to increase our estimates of 
the universe's density 'At about the 
same time, another group, at the 
University of Chicago, reported 
results of a new radioactive dating 
technique vPrimordial rhenium 187 
found in meteo;'ites slowly decays 
into osmium 187. and measurements 
of the rhenium 187/osmium 187 ratio 
indicate the rhenigm was forced as 
much as 18 billion years agii/ 

These and other advances sustain 
an historically recurrent theme, 
Significant discoveries in astronomy 
have, always followed the use of new 
instrumentaHon As* the following 
pages. will be^r out, we tan now be 
hopeful that by using a burg^omng 
variety of new techniques astrono- 
mers will give us a f/n — tnore 
siophisticated picture of /r^ origin/ 



evolution, composition, and ultimate 
fate of the universe , 

Stellar Nurseries 

Stars can form only'in the densest, 
most opaque regions' of the in- 
terstellar medii^m But even though 
visible light cannot escape irom the 
inner parts of these -"stellar nurs- 
eries." longer wavelength infrared 
rSdiation can penptrate the dense 
material The youngest stars in our 
galaxy, then. 'are probably ^detectable 
onlv Cat infrarecf wavelengths From 
th IS infrared light, astronomers have 
Mearned where •stars form in our 
galaxy— but the question of how they 
form IS' ct'nsiderably more complex 
To discover'how gas clouds collapse 



V 



to make new staffe. F J Vrba (Uni- 
versity of Arizona) ' and his 
collaborators. S E Strom and K W 
Strom (Kitt Peak National Observ- 
atory), have recently completed a 2- 
year study of four star-forming 
regions. Between 1974 and 1976 they 
carried ouf their infrared observa- 
tions with the 4-?heter. 2 1-meter, 
and^l 3-meter telescopes at Kitt PeaK. 
New detectors and telescope modifi- 
caticTas have only recently made such 
a survey possible »^ ' ' 

The first step in the investigation 
was to pick out tour ^ark clouds 
which 'are likely sites of active star 
formation The clouds take a V4riety 
of shapes that suggest the process by 
which the cloud is collapsing to form 
stars The geometry of the weak 






Nursery for stars. Withfn the collapsing Ophiuclus , cloud, where new ^tars are 
for*rning, gas and dust tend to become aligned with the cloud's ^eak magnetic field. 
These alignments ca^se the background starlight to become polarized Superposed 
on this Palomar. Observatory Sky Survey print are vectors showing the amount and 
direction of polarization (the numbers signify sky positions only) Magnetic field lines 
and. hence, regions of condensation follow the 'polarization lines 
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magnetic field in th^ cloud may play a 
role in the collapse, the field lines 
may direct the gas flow, or at least 
map the floW directions *The collapse 
mechanism, in turn, may determine' 
the efficiency of star fortnation in the 
cloud To get a comjMet/^ picture of 
Jthe* star-forming proce/s, then, re- 
quires knowledge tjif a cloud's 
morphology, magnetic field, and 
embedded star population 

Surveys at the wavelength of 2 2 
microni turned up numerous point 
'sources clusteryig near the center pf 
each cToud From counts of these 
young stellar objects, the -astruno 
mers estimated the amount of matte 
that ha^ actually condensed out o^ 
the cloud to form new ?tcirs 
•If a magnetic field is present, /it 
causes a systematic alignment of the 
dust grains within the dark cloud 
The'ajigned dust grains then polarize 
the light from background stars, ind 
•the polarization directions map /the 
magnetic field lines For each cliud, 
*|th^pdarization direght)ns for sevferal 
d^zen background sVar^s were meas 
ured ~ Y 

The magnetic-field Wometriefs im 
ply that several meVhanism^ can 
initiate the uillapse olf a clopd — in 
fact, each of the four Vlouds /m the 
study represents a different oollapse 
process The most efficient. rrJeans of 
forming st^rs appears to /be the 
collision of two deu^e clouds/ In this 
case, at Wast IS percent / of the 
original^ cloud material! coruiensed to 
form star^ Dynamic pressures, 
rather than \he magnetic field, have 
the* major inWuence "ftTn tpe cloud's 
evolution A second^ eloijd. whose 
collapse' was initiated by the passa 
of a shock wave^ through tKe gas, ha 
produced stars lat an efficiency of 8 
percent Another cloud gave evidence 
of collapse mdliced by a magnetic 
instability Mo^t of its st*<Jirs have 
formed at the, bottom a "magnetic 
well" Here, the cloud/material and^ 
the' magnetic field \are locked 
together, an^ the field Mays a domi 
nant role in the cloud^ evolution 



The fburth cloud is simply unc^ergo- 
irr^ acquiescent ^avitational collapse 
hi rnagnetic field is not strong 
enouj^h to prevent the collapse, and 
the (iloud material has pulleS th^ field 
i^^onc with It as it collapsed radially 
TJiiere appears to be no-correlation 
jet^een the strength of>he magnetic 
/field and the efficiency of star forma- 
tioh lnstea(^ the most important 
factor IS the collapse process The 
fij^st two mechanisms, involving 
strong dynamic pressures, result in 
^xtremfely • efficient star formation 
The latter two processes, -vyhich are 
more .quiescent, have much lower 
efficiencies, o.nly 1 or ^percent (?f thej 
cloudy material condenses into new 
stars 

These are the first observational 
answers to the question of how stars 
are made Vrba's , results will -help 
solve the more general problem of 
star formation on the large scale, « 
.crucial step toward understanding the 
overall structure of our Milky Way 
and all of the other bilhon galaxies in 
the observable universe 

• The Magellanic Plane f 

A recent study^at the Cerro Tololo 
Inter-American Observatory (CTIO) 
has contributed to an understanding 
of the violent interaction between 
our own Milky Way Galaxy and its 
closest neighbors, the Magellanic 
Clouds , 

In the Milky Way, globular 
clusters— each one ^ spherical con- 
centration of hundreds of thousands 
of stars — are scattered in a roughly 
'sphericaf distribution enveloping the 
Milky Way NTost such clusters bear a 
basic resemblance to one ar^o^her, 
because they Were all formed at about 
the^ same time and, therefore, com- 
prise similar populations of stars 
This similarity can be seen readily by 
plotting the colors- of all stars^in the 
cluster ve4-sus thvir brightnesses in 
the resulting "color-magnitude" plot, 
the stars in each globular cluster 
trace out^very similar patterns The 



stars are not distributed over the plot 
at random, but instead lie along'well 
defined bands according to theirlntrin- ^ . 
SIC brightness^ ' ' • 

However, when C^^O staff 
astronomer W Kunk'el, in collabora- 
tion with" Canadian astronomer 
Demers, plotted the color-magnitude 
diagram of a distant globular cluster 
in the constellatitfn Reticulum, they ~ 
found it^ to be unlike any of the 
Jcnown.' globular clust-ers m our 
galaxy First, the band of the.diagram 
traced out by the gtant stars is 
steeper than the analogous branch 
for most clusters Second, the 
Reticulum duster has an unusually 
large proporiicjn of bright red stars 
Searches for other such objects have 
disclosed five more globulars with the 
same features All of these anomalous 
systems are at extremely large dis- 
tances from* the ^galactic center, 
greater than 4^0 trillion' miles 

Five of the si^ share a furthei^ . 
property projected onto the sky, they 
Ke Withm a few degrees of a great 
circle, as if confined to a plane. 
Significantly, the same great cifcle 
also passes through our nearest 
neighbor galaxies, the Large- and 
Small Magellanic Clouds and the 
band of hydrogen- gas connecting, 
• them The- probabiliiy that such a 
' distribution might arise by chance is 
less than 0 OOZ Kunkel and Demer&. 
thus cor^luded that the Magellanic^ 
Clouds* knd the anomalous globular 
clusters are all part of a real 
"Magellanic Pllme Group." ^ 

Suspecting that the peculiar 
clusters may be relics of a ' close 
encounter* between the Magellanic 
Clouds and our gat^ty, Kunkel com 
•puted model's of the hypothesized 
interaction The computer produced a' 
"movin^g picture" of , the disruption 
suffered by the Magellanic Clouds 
during a close orbital pass around the 
galaxy. Pfunkel concludes that enough 
of the^^guter material of the 
M^ellafiP^louds coujd have been 
stripped o7f to form ^p|iH^"M age 1 lame 
stream" of hydrogen gas and the 
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Hearett neighbor The SmaH Magellanic Cloud is a satellite to our own Milky Way" 
^laxy anb is^visible to the naked ey^ in the Southern Hemisphere Peculiar globular 
Ulsters r^ently observed at Cerro Tololo Inter-American Observatory suggest an 
encounter between the Cloud and our Galaxy The close encounter may have 
stripped off the outer material of the Cl^u3io form peculiar ob)ects in the Magellanic 
stream and plane 



anomalous globular clusters The 
peculiarities of the clusters may thus 
be due to their relativ<?ly young age. 

Radar Mapping of the'' 
Surface of Venus > 

The first detailed pictures of a large 
portion of' the surface of the planet 
Venus w.e/e obtained «it the National 
Astronomy and ionosphere Center 
during the year Successfully 'piercing 
the cloud cover of the. planet, fhe 
pitKires s'hov^ evidence th^t processes 
a,t work on both tl^ Earth and Moon , 
are also acting on Venus The pk- 



tiTres were made with fhe new S- 
band radar system bv D B Campbell 
andR B Dyce of th^NAlC staff, and 
G H Pettengill of thX^assachusetts 
Institute of Technology. To obtain 
clear ^nd unambiguous pict4jrei the 
scientists h^d to use the NAIC 1,000- 
foot telescope m conjunction with a 
100*ft*ot steerable antenna'located 6 
miles north of the mam observatory. 
These are connected by a microwave 
radu) liilk,- and .each telescope 
possesses an" extremely- sensitive 
solid-state mas^r that has the re- 
quired signal-to-noise ratio charac- 
tenHlcs for the mapping observa- 



tions The radar echoes of the S-band 
radar transmissions were measured 
by both antennas to detefttiine 
precisely the tirne of arrival, intensi- 
ty, and frequency of the returning 
pulses This information was then 
used to determine the exact locations 
of the echo-regions and tPie strengths 
of reflected signals • . 

The first observational results gavef^ 
• a" picture of a region of Venus of 
about 4 million square miles in area. 
The region extends 80° in longitude 
and from 46° to 75° noi;th latitude!/ 
The horizontal resolution in th^ 
pictures IS about 12 miles' 
' Two major features appear in this 
region One is ^i large basin extending 
about 1,000 miles in the north-south 
direction and 600 miles in thmg^st- 
vyest direction — approximate!^ the ^ 
size of the>Hudson Bay Its southern, 
northern, and northwestern bound- 
aries are^bfi^ht nm^s which appear to 
be formed^by a series of sharp ndges 
several hun^fed miles long To the 
southf of^the basm there is a region of 
greater brightness This area has the 
same , appearance as the ejecta 
blankets of sojne lunar craters, places 
covered with debris that was thrown 
out when large objects impacted the 
lur^ar surface Two smaller craters 
are located within the basin , 

To the east of thnp Jbasin is a very i 
large bright area aBout^the size ofythe 
State of Oklahoma This region, 
■previously detected at Arecibo and 
narped "Maxwell," is'- a very rough 
elevated plateau comprised of long 
parallel ridges and canyons extending 
for hundr'eds of miles. No feature like 
this exists on either the Earth or the 
Moon It seems to overlie an older 
surface and cannot, be the result of 
meteoric impact Scientists believe 
'^he feature is the result ofj)rocesses 
internal to Venus, possibly the result 
of a large eruption of lava 

The feature "Maxwell," along with 
the bright rims of the adjacent basm, 
appears to be the result of tectonic or' 
m5iintain-building"activity on Venus 
similar to that which has shaped the 
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Through the clouds. This radac map of the surface of cloud-shrouded Venus, made at 
the National Astronomy and Ionosphere Center, revfwHf a large basin about the size 
of Hudson Bay The basin is believed to be caused by the impact of a idrge object The 
e)ctensive bright region'adjacent to thq basin has the same appearance as the debris 
blankets near lunar crater^ that were formed by impacts . 



surface of the Earth The large basm, 
on fhe other hand, is reminiscent of 
large impact are'as, simJbr^ to the 
maria of the Mfton'^'Thuf, it ap'pears 
that jprocesses which shaped bbth the 
Earth and Moon were act\ve at-some' 
point during^ the evolution of Vepus 

Pulsars Rocketing 
Through Space 

^Since the first pulsar' was dis- 
covered^, in England in more 
than 150 have been detected, apd 
one-third of them have been found 
by the radio a^stronomers . at th^^ 
University of Massachusetts The 
pulsars are superden^e ^collapsed 
stars, about 15 kilometers in diam- 
eter, but with ma'sses Like that of the 
Sun They are spinning, perhaps a 
thousand tinrxes a second early in their 
lives, and have highly intense 



nriagnetic fields, reaching one trillion 
tirties the Earths field, all as a result 
of the collapse They radiate intense 
pulses of radio waves into space 

By carefully examining ^the arrival 
times of radio pulses emtt^ted by a 
pulsar over 1,000 li^ht-yeJrs away> 
David ]• Helfanjd, Joseph H Taylor, 
and R N Manchester of the Univer- 
sity of Massachusetts have deter- 
mined that it IS rocketing, through 
space over 5^0 kilomefrers^*pcr 
Sor million miles per h9ur 
k observers record sign-als Jrom 
ulsars several times a week'^t 
the Hve College Radio %Astronomy 
'Observatory in central 
Massachusetts The time at which the 
pvlses reach the telescope after* 
traveling, throu^^h l^pace for huncfreds 
of years flepends on wheYe t*he Earth 
IS iri Its annual path around the Sun 
To avoid thq confusion of getting 
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cfifferent results during different 
seasons, the astrc)nomers correct the 
arrival times to an imaginary 
stationary observatory at the center 
of the solar system. This correction, 
how.eyef, depends on knowing 'the 
position of the pujsar in the sky very 
accuHTtltely If thls^ well determined 
location changers because thr'pulsar is ^ 
snovingj a stea'Sily increasing error is 
seen in the pulse arrival times, from 
which the'-pulsar's velocity /cart be 
computed. Several sources have oeen 
clocked in this way, yielding velocities 
ranging from ' ?0 tp over 500 
kilometers per second 

Radio astronomers at two other 
observatories have recently ol^^iined 
similar -rwults » using ^ the more 
traditipnal technique of measuring 
positions by r^dio interferometry^ 
The motions across the sky^of ten 
pulsars' have «pw been determined, at 
least three are moving so fast th<ft 
they will eventually escape the 
gravitational pull of^ our galaxy and 
will speed off into the v£fst emptiness 
* q{ intergaUctic spa(?e^ Moet of the 
sources are moving away f ram. the 
Earth, a^ would-be expectfd ifl^ 
pulsars a* born in the violent 
'colla^se^or .giant ^stars near ^he 
-g*alactic plane , * 

The Massachusetts radio astronO- 
i?iers a*nd their colleagues are examin- 
ing various mechanisms to explain 
itje acceleration oft tl^||tlsars^o high 
velocities sooil after they lare born, 
bjirihg their investigations^ they 
noticed a strong correlation between 
•a pukaf's velocity.and the estimate of 
the strength of. it^ magnelic^iejd at 
, b^t'h. The sources .with weak fields 
^ali had low velocities (100 kilofneters 
per se^cond), whereas those - with 
strong fields had a wide range of 
- speeds up to nearly 1,000 kilometers 
second. .I^his relationship 
suggested an ' electrodynamic origin 
'for the pulsar velocities Such a model 
was proposed ** last year by E. 
Tademaru and E**R Harrison of the 
University of Massachusetts, k views 
the rapidly rotating, newborn pulsfr 
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a phot ort' rocket. The radiation 
force that pTovi4^s the acceleration 
» i;esults from- the slight displacement 
.orthe centroid of ttte^Cige magnetic 
field iFrcun the center of tlt^tar ' 

This new work on pulsar? has 
^ helped* estabh^h the velocity distribu- 
tion' of,, tltfese sourcesf an essentia] ' 
clue in interpreting their observed 
distribution m the galaxy ^ 




-A 
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Ctjarged Psrticle 



- ' National AstronoMy and 
Ionosphere CWer 

The National Astrooomy .and 
Ionosphere Center, ' operated ^ and 
/nanaged*by.Cornell University under A 
* 'Contract With NSF, pVovides bniqi^^» 
faalities for visitor-oriented reseafc^j 
prograjns in aeronomy and radio and 
radar astronomy The main instru- 
ment IS the world's largest »sing?e 
cadio(radar telescope This 'device, 
incoi^rating a 1,000-foot diameter 
fixed spherical antennaft' is located in a 
remote, radio-quiet valley 12 miles 
iouth' 'of >Ke city of Arecibo,^P R 
NAJC provides telescope ^sers with ' , •* * ^^^'^ 

administrative,^' engineering, arol . , 

technical support for their observing** .usI^V^the 2,a60-meg^hertz planetary 
• , programs The NAIC headquartei^ rad^r sy^. These included, the 
are Jocated on the Cornell campus^in higft-resolutior 
Ithaca, NY 4 ^ 



MagnoticAxis 



Pulsar model. A pulsar ts a. rdpidl>^ rotating, very ^ense neutron star less than<15 
kilometers in diameter Charged ps^rttcles, escaping from tfte surface along magnetic 
tield lines nea^the magnetic axts, radiate a beam of energy in the radiqfrequency 
range Jhese radiations are detected on Earth as pulses each time^he^eam sweep^^ 
tttro^gh the'E^Hli's line of sight ^ ' - ^ 



' In September 1976, Corndl Uni- 
>?^fs!?y ended'a nearly 5-yeaj Fubc6n- 



sy|P^, t hese ir 
higft-res6lution,mappmg of the cloud- 
"^^^v^ed surface, df Venus, the map- 
ping and analysis of NASA-ViJking 
Lander sites on VTars, and the dete 



S-brfnd 



, . _.. - and tne ciete«^ 

tract effor^W upgrade the si/rface of ^tion of the asterc^ 1580 BeflKi^ 
the 1,000-toot^^ector £-5ystems. These observations were made possi- 



•Inc., of DallasPptx-, ^be^r^suf fating 
subcontractor, co^prrpleted sieveraL 
comple?^ tasks during th^ p*t several 
^j^ars, including! ihe arrest of exten- 
sive' groi/nd subsrder^:f^ on «the di^Pi 
perimeter, diagno|^s ahd correction of 
a drJfi(/ult svjrface Jlexure- pisoblem,-^ 
and the design,' fabrication/^ and 
. installation of , ^8,778 precision 
^lumfnum panels Cornelias presently 
prejjanng a-plan to complete the final 
^alignment with Corn *l/NAlC 'staff 
using a» nev^^ l^^er survey system 
Alignment completion ms schtcfiiied 
for. late fiscal yeai*^ 1^7 ' 

Several important accomplishments 
durmg fiscal year- f976 were made ^chanj) 



develppment ' in 
first detection of 



ERiC 



ble by the n'ew remote 100-foot, 
diamefer*"' interferometer antenna 
located 6 miles^froaMh^^in observ- 
ing ^5ite, whicji ' fonR an in- 
tej-feroH^ete^, with ,the 1,000-foot 
antenna » . 

A long-sou;ght 
aeronomy was the 

an incoherent backscatte]^ echo frorr^ 
free tkctpons irvthe mnosphere. The 
detection of this ionospheric e-kctron 
component was the primary goal that 
led jtO'tlie establishment of !^AIC 
Tno/e^than^5 yeaji^ago This» result 
was possible' bec^^u^e of the availabili- 
ty of a sensitive, broad*-ba/yi 4096- 
el autocOTrelillbr that was 



designed and 'built for the 
planetary radar program^. 

During fiscai year 1976, the NAIC 
radio/ cadiy^ telescope was use^l by 64 
visiting investigators from 30 
domestic and^^ foreign research *ind 
educational establishments The* 
number* of vis^tin^ scientists- was 68 
p^ent larger than in the prev^knis 
year. During the ^ear, 72 perceht of 
the observing time on the large, 
reflector was allocated to , radio 
astronomy, 16 percent to ionospheric 
studies, ►and *L2 percent to 'radar 
astronomy, * 

National Radio 
Astronomy' Observatdfy 

Tbe National Radio Astronomy 
ObserA^atory is op^^dted ind manajged 
bv- Associated Universities, Ir^ji, un- 
de>' contract with t|;ie Founoation, 
from s^hfific and administrative 
"headquarters located in fh^Hott^s- 
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viUe, ffa .The observltory is^ equipped 
with four radio-telescope systems- 
three at the pritucij^l observing site at 
Green Bank, W -Va , and one on Kitt 
' Peak, near Tucson, Ariz Early in 
/tsjcai year 1977, resparCli operations 
will begin-' with the partially com- 
pleted Very Large Array. (VL A), an 
NRAO project ftor a 27-eIement radio 
telescope capable of imaging celestial 
radio emitte4*s The VLA is located on 
the Plains of San Augustin, 50 miles 
Socorro, 'N ^lex 
During the past J©- a total of 270 
visiting observers (includfeg •. .75 
students) representing 83 In^utions 
used the NI^AO^telescopes - A new 
feature of the 1976 program was use 
of the 140-fjoot telescope at Ci^en 
pank in » 00 network of telescopes, 
performing <fcapuitaneous . observa- 

• tions over tr1K(?ontinenYal baselines 
This multistatioti, very long* baseRne 
interferometer, yvhich provided • a 
re^oluti^ at least 100 times that of 
existing 'Optical instruments, was 
used^ fo study fine structure in 
radio sources The most comple)^ of 
these e>xpenments invol^e^ telescopes 
at eight locajions 

.Two ',new "front-ends" have been« 
added to the 36 receivers avaifable at 
the NR4O telescopes These ar^ a 
3,120-3,370 megahertz dual-channtl 
cooled' parametric amplifier system 
ajtd.^a combihed" 1, 000-1 ,450 
.megahertz \;and 4,5d'5-'5'>^0 
megahertz '''dua I- channel up- 
converter/ parametric ♦ a^mplifier 
*^ystem Both sys'tems were tested 00. 

• the*Creen Bank telescopes in the Late 
sum/ner 0/ 1976. A combined 80-120 
.gigaT\ertzA34-'50 gigahertz cooled- 
mixe'r recei>iier isneanng ccqj^letfon, 
'andnvork 1^^ j^S^ess jan a.number 
o^ maser sy^ms 

Preliminary operations and testing 
otth^e VLA began October 24, 1975, 
when the fir«st antenna cofnpletecl for 
the ^7-arftenna ^rray was placed .^n 
operation Since that time, a tot«l of 
SIX antennas has b^en completed, and 
three of these ar^ow being used as 
'an interferometer' to'" test the central 
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el^tfonics and computer systems in 
the control building Of the six ma)OC 
site structures, - only fhe visitit^g 
scientists quarters remain to b^ 
completed With •'the completion 0/ 
the second incremjent of wye tjack 
construction in September 1976, 1 1 
miles of the ncKih arip, .1,2 mile5 of 
the southeast* arm, anifl 6 5 miles of. 
the southwest arm wilL be. available 
for the staft of research operations 
The VLA' is scheduled to* -be com- 
pleted in fiscal yeafr 1981. 

Kitt Peak 
National Observatory 

iOHttv Peak' National Observatory, 
Arizona, is 
of Um 

versities^for Reseai^l^^ronot^ 



.located/ in Southern 
op^ate^i b^ the A ^ 



Inc , under contract with -NSf . As a , 
'national ""center^,, it nna^kes^ first-r^te 
research faciUties available, to astron- - 
omers throughout the country. Sixfe' 
^ percent , of all telescope tin\?. is 
^l^erved for visiting astrononiers, 
who are awarded time on the basis of 
their research, proposals The remain- ' 
ing 40 percent of the time is allocated 
to resident-.staff men^bers, who carrf* 
" out their own research programs and 
supervise the developmer^ of new 
equipment 

Jwo of the optical telesco^s are 
designed especially for solar observa- 
tions, the .other nine are used^for 
studies of planets, stars, ifYterStellar - . 
ma*ertal, and external galaxies Th^ 
teiescopes* range in ^^size from 4^ 
meters (the second la rgest'^ref lector in ^ 




Under construction. 'At th/e site "of the yery Large Array in New Me)vcd, the fjft+i 
antenni gf an eventual 27-,element rafdio letescope nears completion This view looks 
along -the southwest arfn(of the wye-shaped tracks on which thp antenna? can be 
positioned When compt^ted in 1981 ^it wilj be the v^orld's most s^sitive radio 
* telescope and able to delect never-befo<^seen facets of th^ universe 
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the country) to 31 centimeters Each 
has special functions The 31- 
centimeter -Schmidt^ for example, is 
ideal for wide-field surveys and comet 
photography, the 4-meter telescope is 
reserved for faint-object astronomy ^ 

tXiring ijie past ye^r the observ- 
atory has placed greatest emphasis on 
developfhg i1tw«ways to make the 
^est possible use of^this array of 
telescopes Two founer Transform 
Spectrometers installed at ,the - ^ 
meter telescope and at, the McMath 
Solar Telescope.; will allow faint 
objects to become accessible . and 
brighter objects, to be observed in a 
fraction ofy * tjie tinrve required 
previously* KPNO also supports an 
activp program to develop the best 
available detectors for tJCrth visible 



andlnfrared radiation Modern detec- 
tors have been crucial lo the success 
of the observatory's new spec- 
trometers 

During an observing fun, com- 
puters programmed with new 
software can control the telescope 
motions with precision— of special 
importance to daytime observations 
at infrared wavelengths The com- 
puters can ^Iso handle a-n un- 
precedented amount of 4ata at 
several stages acquisition from the^ 
detecior, on-Une reductions during 
the obsefving session, and latef 
analysis at the d(^ntown offices 
' During fiscal year 1976, ,278 
visiting ^cienlists from 77 U S in- 
stitutions and 10 foreign countries 
observed with KPNO^telescopes 



Cerro Tololo 
Ihter-American OlWervatory 




Taking the Sun's temperature. The ahnount of sunligWrQ^acfimg ttie ^arth affects our 
climate «nd is cjirectly responsible for all life as we > now it— yet we don't know how 
constant this radiation really is A study under way at Kitt Peak f^ational Observatory 
to moniPor the Sun*^ b<ightness may provide new msight intc^limate-changing 
mechanisms This view of, the solar surface was 'Obtained with 'the McMath Solar 
Telescope 



The Cerro Tololo Inter-Amy 
Observatory is operated hi 
A^ociation of Univertities for 
Research in* Astronomy, Inc., imder ' 
contract with the National Science 
Foundation Located in the Chilean 
Andes at a southern latitude of 30°, 
CYIO is the Southerrv Hemisphere 
counterpart of the Kitt Peak .National 
Observatpry^ Its site atop a 2,200- 
me^er mountain's one of the finest in " 
the world-for astrorv^mical. observa- 
tions* The observatory headquarters, 
located in the coastal city of La 
Serena, include a library, a'computmg 
center, engineering and technic<iV" 
facilities, and staff housing 

During fiscal year 1976, special ^ 
attention was given to preparing*the 
4-meter telescope for visitor use The 
prime foci|^ was .made mailable to 
visiting scientists in January of 1976, 
an4 later in the year the Ritdiey- 
Chretien spectrogf^ph and flirect 
cam'era were also m use ' 

Work has continued to imprcve the 
usefulness of all eight telescopes 
sharing the mountaintop In partic- 
ular, more sensitive detectors have 
been* tested, and computers are now 
used for telescope control and data 
acquisition. The computer , control 
system for the 4-mpter telescope was 
recently completed, and th^^pointing 
accuracy of the telescope is now 
better than 2 seconds of arc 

Other observatory -services have 
also been improved The installation 
of frequency conversion equipment 
on Cerro Tololo allows interconnec- 
tion to the commercial electrtcal 
power service In La 'Serena, an 
instrument and maintenance sho]:^ 
was cdmpleted, this* will be used to 
fabricate and repair instrumentation 
undtfr the close supervision of the 
scientific and engineering support 
staff A new ten-unit docmitory is 
now available for visiting observers 
using the computer and other 
facilities at the headquarters « 



ERIC 



43 



32'^ ASTRONOMICAL. ATMOSPHERIC EAf^TH A^D OCEAN SCfENC£S 



To improve ijie administrative 
efficiency, of bbservatory operations, 
a saentific programs division has 
been established Managed by a 
^ppori scientist an4 a' steering^ 
committee ^f staff scientists, the 
division is now Responsible for the 
operation of all telescopes * 



Sacramento Peak. 
Observatory. : 

The Sacramento Peak Observatory, 
operated under contract with NSF by 
the Association of Universities for 
Research in Ast'ronomy, Inc , 
provides unique instrumentation an^ 



facilities for advanced research in * 
solar, physics anci related disciplines 
The SPO. facilities are^ located at an 
elevation'tf of 9,lxSo feet ' in the 
Sacramento Mountains of south- 
. central New Mexico 

On July 1A976, responsibility. f©r 
SPO Was transferred from the U.S 
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Solar phytlct. The 7-year-old Solar Vacuum Tower Tel^cope ^Sacramento Peak Observatory m New Mexico provides critical 
data about solar flares, magnetic fields, and the velocitres of ^matter in the solar atRposphere Its 30-ir>chfused quartz entrance 
window IS 136 feel above ground level, and the bottom of the l^vacuated^pttcal ^tem is 193 feet b^w ground' 
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Aif~force to NSF In fiscaliyear 1^77. 
the USAF IS funding 50 percent of 
the SPO operational costs, which are 
estimated at $1 5 million In fiscal 
^ear 1978 and fiscal year 1P7P. the 
USAF will prpvide %2>l5.000 each 
year' 

AURA, the NSF contractor respon- 
sible for SPO, will operate and 
manag^' SPO during a ^15-month 
interihi period. extenJing through 
- September 30, 1P77, • while N9t 
selects a permanent operator An \d 
hoc - committee , of scientific anU 
busines^s experts was established m 
)une 197b to advise NSF* on 



telescope 'with an echelle spec- 
trograph, digital diode ^array, and 
universal birefnngent filter, it is 
capable of producing simultaneous 
real-time images of the Sun m widely 
separated wavelength bands Other 
instruments include ' two 40- 
centimeter aperture coron^raphs. a 
40-centimetej telescope with a solar 
magnetograph, and several smaller 
instruments designed for polarisation 
measureroents and other studies 
Telescope users are provided with 
data reduction services that include a 
conlputer. a microdensitqmeter. a 
operational matters and long-r^ng^^*''?^^ comparator, and a measuring 



programs at SPO. including a pro- 
posed management struttur^ The 
committee is expected to ^report by 
January 1977^ 

The principal mstrument at SPO rs 
a 357-foot high solar vacuum tower 



engine During fiscal year 197t). while 
under the aegis of the USAF, SPO 
facilities were use% by 30 in- 
vestigators from 24 domestic a fid 
foreign research and educational in- 
stitutions 



Atmospheric Sciences 



The Foundation s research, pro- 
-^grams in atnaosphertc. sciences have 
/as their goal, the increase of knowl- 
•* edge and understanding of the behav- 
ior of the Earth's atmosphere The 
* re^lm of atmospheric "sciences begins 
at the surface of the Ea^^h where the. 
atmosphegf interfaces with the Und 
and the waters and continues ioJi^^^ 
outer reaches of space rwhere IK? 
n^Vges and interacts v\?Tth\t]»b at- 
m^^sphere of the Sun To st^dy such a 
vast regime calls for. talents frorn 
many disciplines Atmospheric 
sciences, therefore, is ttself a derived 
discipline in which the basic knowl- 
edge from V physics. . chemistry, 
mathematics, biology. an4 other 
sciences is applied in -various ways 
and through many t#:hnique6 ' to 
improve our understanding of how 
and why tllM^mosphere behaves as 
)A does 



th^r 



One of the best ^recognized 
applications of our understanding is 
to weather ' for'ecasting It might be 
.said that all these studies in atpios- 
phcric sciences, which are aimed at 
improving pur fundamental kpowK 
edge about the phy'sical system of th'e 
Earth's atmosphere, have as their 
^ ultimate goal the improvement of 
weather forecasting, even though 
only a few of thent are intended to 
I contribute directly to that process 

However, the research supported 
by NSF may contribute directly lo the 
solution or alleviation of such 'atmos- 
pheric problems as thpse associated 
. with pollution from major indystnes. 
growing population' and other 
societal acticVs that affect the at- 
nrtosphere in venous aTid subtle ways 
The problem of drought, for example, 
has assumed ^ ma)or importance 
Recently becaL«»e of its relation to the 



availability of water and thus to crop 
yields ar\d food production Unfor- 
tunafteLy, little is known about the' 
cause or causes oi drought or why 
certain lands can support a good crop 
m some ^ear^ and m other years 
$uff^ from a drought. Certainly the 

* drought problem is associated 4v\i\\ 
changes in the general citculation of 

^ the atmosphere, but we do not-know 
why changes take place m the general 
c;rculatidn Modeling and simulation 
studies plus sensitivity analyses and 
diagnostic studies are helj||^g to 
unravel the problem. "but it'will take 
many years until the* causes are 
identified ^d future drought con- 
ditions can be reliably forecast At 
this time, a concentrated effort is 
under way nationally and * inter- 
nationally to understand better the 
general circulation of the atmosphere 
The payoff frOm this study will be 
\)^tter and longer range feather 
forecasts ^ , 

Severe storms such as tornadoe^ 
and large thunderstorms that bring 

• hail, lightning, and high winds capse 
a great deal of damage in ^he Unfted 
States Again, very little is really 
•known and unders^o«d about these 
systems Why do they f©rm? Where 
and when will they strike? An 
increasing amount of NSF-supported' 
research in the atmospheric sciences 

^ IS directed ^warcU studies of thg^e 
severe weather phenomena and 
methods to analyze the results of 
field studies^* . * 

"fViere are three basic atmospheric 
research programs — solar- terrestrial, 
aeronomy. and meteorology Two 
other programs— the Global Atmo^- 
phenc Research Program (GARP) and 
climate dynamics--a re multi- 
disciplinary anJt)corfipon€Jnts of inter- 
agency and international programs 
All of these programs support, fun- 
damenta^ research through grants to' 
individual investigatbrs.y mos t of 
whorrv are located at wrfversities 
_ The- Natfonal Center for Atmos- 
pheric Research, with headquarter^ 
and facilities in Boulder, Colo, sup- 
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ports a brpad spectrum of research in , 
atmospheric 'sciei^ces In addition it 
provides facibties. such as- a rrjajor 
computer, aircraft. »and a scltntl^^ 
balloon-launching facility ,(Tn 
Palestine. Tex ). that are- too large'Sr I 
expensive for an individual institution 
to maintain 

International Magnetospheric 
' Stufly 

The magnetosphere is a region of 
our neaivspace environment, corw- 
trolled by the e)U«nsion of the Earth's 
magnetic field, in which the flux of 
Energetic particles from the Sun 
causes some of the more dynamic 
upper atmospheric 'phenomena, such 
as magnetic storms and auroras One 
of the^ major purposes of the cur^nt 
International *Magne^ospheric Study 



(IMS)'— a ^coordinated, international. 
ctSoperatfve research program— is to 
understand tbe sohr influence on the 
atmospheric - ionosphen,c - magneto- 
spheric interaction For example, it is 
well known that electric currents of 
many 'miljions of amper^5:*t)riginating 
deep in space ' but inside the 
magnetosphere. impinge on the polar 
upper atmosphere, pass through the 
ionosphere, and retura to the 
magnetosphere These currents are 
enhanced during polar substorms. 
which in turn appear to be triggered 
by the solar npagnetic field 'It is the^ 
purpose of the IMS to study these 
phenomena through coordination of 
Qngomg j2j:ograms and by taking 
advantage of unique spacecraft ^op- 
portunities available during 1976-79 
The key ingredients of the IMS are 
a multination list of spacecraft, new 




Nor1h«m ffghlt. Auroral, such as this one seen frdti the ro^te o/ thp Trans-Alaska 
■Ptpehne; resujt fcom the mteractfon of parficles from the Sun and the Earths 



rtpeiine; rtf»U;i TlUm me irUWrdl-lMJIl Wl h/ann^ico uwnr mo own anu I'l^ 

atmosphere Learning' more about th>is solar influence is the purpose of the 
Intarnatpqnal Magnetosphenc Sturdy 



ground-basfd irftl'rument arrays., 
^ome of whic+i will greatly- advance 
mternational data exchange^sta^ndards 
by using simultaneous data collection, 
processing, and dissemination in real 
time at an existin^^..^ntral data 
facility. incoherent scatter radars, the 
Satellite Situation Center, which 
keeps scientists informed about ^the 
status of satellites and experiments, 
and a variety of ground-based 
balloon, rocket, and aircraft ex- 
periments While the fMS retires 
some new facilities and support, it is 
based primarily on the effective use 
of presently planned programs - 

In fiscal year 1976 NSF's solar- , 
terrestrial and aeronomy programs 
funded major portions of the grounds- 
based networks The magnetometer 
network represents the highest, 
priority item and is being acquired 
with cooperation from th^ National 
Oceanic and Atmospheric Ad- 
ministration and the U Sr Geological 
Survey The installation, calibration, 
and op>eration of the magnetometers 
wiJI be handled by, various university 
g>oups In fiscal year 1976 only One 
group, at the Geophysical Institute. 
University of Alaska, was funded tcr 
initiate work at the remote sites in 
Alaska Other university groups will 
install units in North America Jand a 
few Pacific islarvds during fiscal ye*r 
1977 The magnetometer ttetwork 
will be dense enough to permit 
fStimStion 'of ionospheric current! 
with previously unobtainable ac-^ 
curacy Associated with the network 
r of magnetometers will be ricmieters 
(instruments designed to measure the 
radio absorption in ^ the upper at- 
mosphere due to energetic, particle 
bombardment) Thej^e instruments 
were constructed coring fi6cal year 
1976 and will be installed 4n^ high 
Jatitude^-wtes durinj; fiscal year 1977 
Three groups have been funded to 
install a coordinated network of sky- 
•scanning auroral photometers across 
-the northern United States. Canada. 
' and Alaska These photometers are 
designed to ma^ atmospheric light 
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emissions from the upper atmosphere 
at several wavelengths selected to 
give fnaximum information about the 
physical processes responsible for the 
emissions The particular processes of 
interest here are those corvcerning 
energy from auroral protons, elec- 
trons, and fields coming from the 
magnetosphere Most of the con- 
struction of these photometers was 
fdnded in fiscal year 1^76 Fiscal year 
1977 funds will permit the installa- 
tion of these units in the field and the 

' begmnirvg 'of data analysis and dis- 
semination ^ 
Only a few field experiments wer^ 
supported in 1^76. although this 
activity IS expected • to increase, 
vigorously as IMS prt)gresses Two 
very low frequency f\'LF) ex- 
penmenlc were funded in I97o. the 
first of which has already completed 
its field operational phase This 
invoived the injectio^pf VLPN'adio 
energy into the lonospfiere ov^er New 

: .Zealand using a high-powered, 
ground-based ' transmitter and a 
balloon-borne antenna The VLF e- 
missions were transmitted through 
magnetosphere and I'fceived at 
^Sld Bay. Alaska .The modulation of 
the VTF emissions by magnetosplf^nc 

■**plasma allows them to be used as a 
diagnostic tool for probing the upper 
atmosphere The data fropi this 
campaign (Operation Sk);hook Kiwi) 
a^e now'being analyzed by scientists 
4jt\the Aerospace Corporation jn 
iconjtmction with* similar data ob- 
tained from Air Force satellites. 

Another ml|B^ component of the 
IMS IS incoherent scatter radar. \ 
radar' technique that "detects and 
analyzes radai- returns from individ- 
ual ions in the atmosphere to study a 
' variety of ' static and dynamicaf 
processes The United States sup- 
ports three incoherent radar m- 
staljations' The National Astronomy 
and Ionosphere Center near Arecibo. 
PR. the Millstone Hill Facility in 
Massachuse^s. and the Chatanika 
Radar in Aia^a . Partial support is 
also provided forrke Jicamarca I^diD 



Observatory in Peru The ^ two 
northernmost U S radars (Millstone 

* Hill and Chatjnika) are being funded 
for campaigns- oriented towards the 
IMS Millstone Hill will receive a new 
^Department of De/ense surplus) 
steefUble dish antenna that will 
considerably enhance its power as a 
research tool Chzrtanika already has 
received' new electronic hardware 
Also. Chatanika has recently demog- 
strated an ability to measure winds- in 
the troposphere apd stratosphere, a 
previously unexpected capability that 

^will be exploited during the IMS for 

Studies of th^ coupling between the 
magnetosphere. the ionosphere, and 
the atmospViere 

In summary, the IMS is making 
maximum use of existing facilities 
with a rtiinimum of new fwiding fora 
coordinated study of jone of the most 
fascinating regions of the , Earth's 
environment The development of 

' new nrrethods for the rapid acquisi- 
tion, processing, and dissemination of 
data will increase our knowledge* of 
the ^natural environment and our 
ability to conduct worldwide research 
programs ^ 

Composition of Solar Plares 

. Solar flares— the most violent of 
nearby cosmic phenomena— are 
thought to be explosive ^releases of 
magnetic en^gy which eject hot gas 
{plasrt^a} and energetic particles into 
the spacq^between the Earth and the 
Sun Both the plasma and the par- 
ticles can reach the Earth's environ- 
ment, causing severe atmospheric 
disturbances 

Using 'data obtained by NASA 
satellites (IMI^ 4.t 5. and' 8), John 
Simpson and colleagues at the Enrico 
F^mi Institute of the Uni\?ersity of 
Chicago have beKq^able to show that 
these flares e)ect energetic particles 
*that are preferentially rich m the 
elements heavier than hydrogen 
While the Sun is composed largely of 
hydrogen, it appeals that the flare 
process tends to select h^^vier 



elements for acceleration and eiec- 
.tion An even more surprising result 
of the most recent analyses is that 
the flare-generated energetic particles 
are especially rich in the iron group of ' 
elements jmostly iron, but possibly 
including some nickel) These are' 
important results that will provide a 
clue to the detailed mechanism by 
which the flares obtain their energy 



Alaskan yoicarllc Emissions 



The volcanic peak on St Augustine 
Island in Alaska began its fourth 
n1a)or e^uB^'lon of th£ century on ' 
January 24. 1976. prooo^ing heavy 
ashfalls on Homer and Anchorage (60 
and 180 miles north of the volcano, 
t resp>ectively) Immediately following 
this eruption, the cloud physics group 
at the University of "Washington 
requested funds to obtain airborne 
measurements from the emissions of 
St Augustine This request was 
approved and on February 7 the 
University of Washington atmos- ' 
pheric research aircraft was on site m 
Homer During the next 11 days, ten 
research' flights were made and a 
unique set of particle and gas meas- 
urements ^ was obtained in, the 
emissions from St Augustine 

The plUme from the volcano was 
very dense and produced almost 
complete darkness withgi the aircraft 
cabin during penetr^tons The par- 

''ticles in the plu^P^also caused 
considerable wear on the aircraft (for 
example. 1/1000 of an inch was 
removed from each propeller) A 
preliminary analysis of the data \ 
shows the fate of particle emissions 
from tjie volcano ranged ^from 1,000 
kilograms per second to a staggering, 
one million kilograms per second. 
These figures ideate that worldwide 
volcanic emissiaos are much higher 
than previously estimated and must 
play a significant role in global 

pollution and climate variability 
through a change m radiational 
characterhstics of the atmosphere 
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Mt St Auguttme, AfasKa. AlttSough an eruptio^3f this size. Which occurred in 
February 1976. is significant primarily for its local atmospheric pollution, major 
eruptions {like Krakatoa m 1883) can pollute entire hemispheres o1 the Earth' (F?hoto 
by University of Washington ) * / 



Circulation in the 
Tropical Troposphere 

Prelimmary analysis of data from 
the combined satellite and balloon 
Tropical V\md, Energy Con^'erajon. 
and Reference Level Experiment 
(TW'ERLE) h>as given scientists from 
the National Center for Atmospheric 
Research ^NCAR), the University of 
Wisconsin, and NASA a first look at 
some ph^omena of the atmosj>heric 
circulation at a level of aboUt 14 , 
kilometers m the upper tropical 
troposphere The^ circulation differs 
markedly from that m temperate 
latitude? at sinnilar altitudes One 
'characteristic is • an apparent in- 



constant-level balloons were launched 
over a period from May 1975 to 
January \^7b. 272 from sites in 'the 
tropics and 139 from Chnstchurch, 
New Zealand The balloons earned an 
array of sensors to detect pressure, 
temperature, and balloon , altitude, 
these data were transmitted to a 
receiver aboard thej^imbus 6 satellite 
each time it passed over the balloons 
In addf ion. the balloons sent signals 
that could be analyzed' to obtain the 
speed and direction of the balloons as 
they were carried along by the wind^" 
The wind fields themselves could 
thus be deduced from balloon 
motions - *^ 
Of the balloons flown from 



terhemisphenc exchange of air at the/ ChristchuTch, 33, sometime in their 



altitude at which the balloons were 
flown Other results include th# 
"^^det^ct^qn of long-period gravity 
waves and deep convectivB cir- 
culations and the ability of the 
Jballoons to act as sensitive probes of 
turbulent diffusion in the% upper 
troposphere and lower stratosphere 
In TW^^E, 411 superpressufc, 



, lifetimes, • crossed the Equator into 
the Northern Hemisphere 'The 
crossing? occurred only in two 
narrow bands of longitude between 
180° and 140° E -(from central 
Australia to the International 
Dateline) and between 0° and 30° W 
(over the Atlantic between South 
America and Africa) TWERLE scien- 



tists theorize that a connection ' 
betweer/the two hemispheres at the 
14-kilometer level is effected.through 
features of the large-scale planetary^ 
cirGjulation in the tropics often called 
"Tnidoceanic troughs"— areas of lower 
.pressure 

TWERLE scientists also discovered 
that a ballopn platform registering 
pressure, temperature, and altitude 
can be a. powerful and economical tOoL ^ 
for studying wave motion in the high , 
atmosphere Three kinds of wav^ 
motion could be detected a neutral 
balloon oscillation (the balloon restor- 
ing Itself to equilibrium density level 
after a perturbation) with a period of 
about 4 , minutes, a lee-wave oscilla- 
tion in balloons launched from 
Chnstchurch passing downstream ot 
orographic barriers, with « period of 
6 to 7 5 minutes, and oscillations with^ 
penods between 30 minutes and 1 5*^ 
hours that are believed to be the 
signatures of gravity waves All three 
types o^ waves cnay originate near 
the ground from any aumber of 
sources' (the motion of th^ oceans, 
cor>vective circulations) and may be 
'dissipated at the trdpopause, con- 
versely, they may be excited at the 
tropopause and* have no ^^sociation 
with topography beneath them A 
'study of energy flux statistics thrat 
ca'n b^ calculated from the ballcJfc 
motions may ^ help to pinpoint the 
source » 

The balloon platforms were able to 
*see" extraordinary vettical air 
motions associated with deep convec- 
tive circula'tions in the tropics— in one 
case' a wihdspeed of about 3 or 4 
meters per sfecond in the vertic^al, ^ . 
rapid nse even for a deep tropical 
convective ^ storm Turbulence \ 
statistics on a larger scale /iso were 
visible from the clustering patterns of « 
the balloons In . contrast to the 
expected random . drift pattern, the 
balloons launched fro?n the trdpics 
often appeared to avoid some areas 
and to cluster thickly in others The 
clustering of the balloons . over tiie 
tropical Atlantic, for example,jwas a 
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persistent feature indicating that th^ 
upper-level winds tend to converge or 
move mward over this geographical 
^ region The virtual absence /of 
balloons in the vicinity of the mon- 
soonal easterly flow over northej'n 
Africa, the Indian Ocean, and In- 
donesia, which persisted during the 
period of the experiment, indicated 
that the winds fanned outward or 
diverged over these points Persis- 
tent, large-scale areas of rnean' 
divergency 6^ convergence of upper- 
level winds of such a magnitude have 
hot^ been observed at midlatitudes 
Further analysis should reveal how 
sil^ tyopical features are integrated 
into the general' circulation of the 
Earth 

Th^ exp)enment will* be repeated 
during the Fir^t Global Atmospheric 
Research .Program (GARP) Global 
Ex{>eriment (FG(^E), one of the 
experi^ments of GARP The satelljt« 
receiver system will be the French 
ARGOS system aboard TIROS N 
' NCAR will fly 300 TWERLE-type 
balloons in the tropics under the 
suppo^*t of the^ National Oceanic and 
Atmospheric Administration 

global Atmospheric 
Research Program 

Results, of the' Global Atmospheric 
Research Program's ^GARP) first 
experiment, th^ GARP Atlantic 
Tropical Experimept (GATE), began 
to emerge in fiscal year 1976 Data 
collected during the summer 1974 
observational phase of GATE have 
been edited, validated, and arc+iived 
rand are now available to the scientific 
community. One data se^ contains 
low- and high-level tropical w^nds 
derived from satellite oioud informa- 
tion This is' a very important applica- 
tion of naeteorojogical satellite infor- 
mation to the tropics, a dcfta-sparse 
, ^ region 

F>om a GATE project designed to 
characterize airborne*^ particles 
(aerosols) transported from the 
African Continent over the Atlantic 

ERJC . 



Interhemisphertc air exchange. More than 
400 of these scientific balloons were 
flown between May 1975 and January 
^976 in an •NCAR/NASA/Universtty of 
Wisconsin study' of *air ciFCulation 14 
kilometers abovfe the tropics This infor- 
mation IS important to understandiwg-how 
th&^ general Circulatioo. of the wo/Id's 
atmosphere'determines weather patterns 

Ocean? a possible anthropogenic 
impact on weather and perhaps * 
climate was discovered In semiarid 

.regions bordering deserts, rainfall .is 
highly variable With development 
comes increased grazing, ploughing, 
and cultivation of new fand, plus 

^ removal of trees Overgrazing in- 
fluences aerosol generation, % and 
during dry periods vast reservoirs of 
dusf are transported into the at- 
mosphere by wirjds This dust 
modifies the radiative properties of 
the atmosphere to ^ significant 
degree and may lead to suppressed 
precip4,ation This, in turij, wxnild 
increase aerosol loading 



Several new and unexpected find-' 
jngs ,are emerging from the Indian 
Ocean Experiment (INDEX), a gtudy 
of the structure o{ the circulation in 
the western Indian Ocean INDEX is 
a predecessor of a 'GARF regional 
experiment, the Monsoon Experi- 
ment (MONEX), that will be held, 
during 1978-79 MONEX is one of 
several experiments embedded within 
the FirsUGARP Global Experiment 
(FGGE) r The Equatorial Under- • 
current (a fast moving, subsurface, 
eastward flowing current) has been 
found to be considerably more com- 
plex than at first thought A depth- 
dependent alternating structure of 
the undercurrent, which persists to 
depth's of at least 3 to 5 kilometers, 
suggests that it is not clear exactly 
what one should identify as the 
"Equatorial Undercurrent." 

In a related INDEX effort, six 
satellite-tracked drifter buoys re- 
.le^ed in the equatorial Indian Ocean 
were caught in a large clockwise gyre 
whose existence was totally un- 
known The gyre or eddy had a mean 
speed of 70 centimeters per ^Icond 
and n;iaximum speeds in excess of 200 , 
centimeters per second 

Preliminary results of another 
GARP effort, the Air Mass Transfor- 
mation Experiment JAMTEX), were, 
discussed by scientists from Japan, 
Austria, Canada, and the United 
States at a conference in Tokyp in 
September 1975 AMTEX was 
designed to' increase understanding pf 
wintertime airmass modification m ^ 
regions where cold, dry continental 
air flows over warm ocean wat^r 
The region of the warm Kuroshio 
current in the East^^hina Sea, a 
strongly preferred region for intense 
winter storm development, was 
selected The physical processes in- 
volved are thoughP^to play a similar 
roje in the Gulf Stre^mn region off the 
southeast coast of the Unite^ States 
where^ many intense storms are 
ger^rated AMYEX results ih4icate a 
substantial variation in energy input 
from the ocean to the lowec^at- 
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StonYiy weather. Results of a Global Atmospheric Research Program study of the flow 
of cold, dry continental air over warm water in the Eas\C^\na Sea (the research area 
IS outlinediwHI help explain how intense winter storms develop The cloud patterns in 
this February 16, 1^76. satellite photo resuiffrom this cold air/warm water interaction. 
Simjiar processes probably operate in the Gulf Stream off the southeastern United* 
States (Photo courtesy of E M, Agee/Purdue University ) 



nnosphere, depending on the 
character of the advancing airmass 
These findings offer atmospheric 
modelers an opportunity to account 
more reahstically for energy input 
into models designed to forecast 
incipient storms 

Cliffiate Dynamics 

Studies by researchers at the 
Ufcmont-poherty Geological Observ- 
atory and BrovVn University of the 
frequency of past climatic changes as 

/ . ■ 



deduced from envii;^nmen tally sen- 
sitive indicators preserved in deep sea 
cores have provided valuable'insight 
into mechanisms of climatic change 
These researchers have shown that 
the long-term climatic variations in 
both hemispheres over ^the past 
400,000 years have the sarme perio- 
dicities 'and constant phase relation- 
ship as variations of the Eartii's 
orbital paranrieters The indicators of 
past ocean ^urface temperature, cbn- 
tinental ice volume, and specie^ 
abundance fluctuate with periods of 
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100,000 41,000, and 23,000, years, 
which are the same as the Earth's ' 
ecjzentricity, obliquity, and preces- 
sion, cycles WKile both ^the climc^tic 
and astronomical cycles are generally 
in ph^se, the 41,000- and 23|000-year 
climatic cycles systematically lag the 

* obliquity ar^ precession cgcles. These 
studies show demonstrwi? evidence 
of some 'orbital control for climatic 
change and indicate possible Jags m 
the climatic response given by the 
Earth to 'changes in its orbital posi- 
tion 

The 'relationship between sea sur- 
face temperature anomalies.afid con- 
tinental climates is becoming dearer 
as a restflt of research conducted by. 
John Kutzbach and David Houghton 
1of the University oPWi9Consin and 
clifriate' modelers at . the National 
Center for Atmospheric -4^esearch 
These researchers have demonstrated 
that th^ NCAR General Circulation 
Model exhibits a well defined 
response to changes m sea surface^ 
te#iperatu/es In^mpdel experiments, 
sea surface temperature anomalies in 
'the North Pacific Ocean' produced a, 
wavelike perturbation in the upper 
air patterns extending <lownstream 
over the continental United States, 
thus supporting an earlier hypothesis 
of Bjerknes (UCLA) and Namias 
(Scripps) 

With a positive chan^^ i?i sea 
surface" temperature therip is an 
increase of atmospj)^^ terrlpej^ature 
extending to mid-tro^b«>nere, in- 
creased vertical motion, andan^upper 
level increase of pressurA coupled* 
with a low level decrease of^prdssure. 
Low pressure systems form and/or* 
-intensify over such an area With a 
'negative sea surface tem^?ratlire 
change, the response is exactly op- 
posite. These significant findings 
emphasize the important role of sea 
surface temperatures in regulating 
continental dimate ?rtd fori;i a useful 

* point of 3eparture for continued and 
further examinatidH and understand- 
ing of aspects of actual mid-latitude 
atmosphere-ocean mteractfon 
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National Center fpr 
Atmospheric Research , 

The National Center for Atmos- 
pheric Research (NCAR); located in 

i Boulder, Coip , conducts, in coopera- 
tion with universities and other 
institutions, large atmospheric 
research programs of national, and 
international importance NCAR also 
develops and provides major research 

, facilities in> support of atmospheric 
research progra9^s NCAR is' 
o^rated by the University Corpora- 
tion for Atmospheric Research 
(UCAR), a nonprofit consortium of 
42 U S. and 2 Canadian universities, 
under contract with NISF 

This past year NCAR scientists 
completed the first direct comparison 
of forecasts produced by several 
large-scale numerical weather predic- 
tion models Some o^ the results 
confirmed expectations For example, 
all the models display some of the 
same characteristic errors, ' they 
forecast phase speeds for waves in 
the atmosphere that are slower than 
the actual atmospheric motions, they 
pi^dict weaker amplitudes than those 
that are observed, and they describe 
the development and dec^y cycle qf 
disturbances poorly 

Other conclusions were 
p)ected Even though' the three models 
were developed independently and 
emplo/ed distinct methods of cafcula* 
tion, they produced forecasts that 
were surprisingly similar Mor«)ver, 
^ scientists had expected that the 
largest forecast errors might occur 
ov^r gedgfaph'ic areas" with the 
smallest ^ amount of obs^vuJ ^ata 

.(e.g., over oceans), buj the act»ual 
for^asts showed no gH ch sa mple ' 
geographic dependence, even in the 
first 24 hours. The first quantitative 
evaluation of different mcnirfs 
provides -some directions for future 
research. All the models need to be >. 
improved to reduce their common 
errors. 

Results' from the battery of solar 
telescopes operated by . astronauts 



ab«ard Skylab have contributed 
greatly \o ^hc^understanding of a 
number of probleltts^n solar physics. 
NCAR's white-light coccm^graph was 
one of six tel^opes flowrT^on the 
spacecraft Usiffg Skylab data', sol 
scientists are clarifying relationships 
between events in the Sun's tenuous 
outer atmosphere— the corona — and 
the structure and dynamics of the 
interplanetary medium The most 
general result from Skylab is the 
changed scientific picture of *the 
corona what was thought to be 
always a relatively quiescent outer 
atmosphere proved at the time of 
Skylab (near a minimum in the solar 
activity cycle) tjo^e a highly dynamic 
structured region ^ 

As a national center, NCAR 
develops and operates a variety of 
special research .facilities During the 
past year, MCAR's fleet of in- 
strumented aircraft participated in a 
variety of experiments, studying hail 
over northeastern Colorado, measur- 
ing hydroxy 1 radicals in the 
stratosphere, ind' sampling the plume 
of an Alaskan' volcano 



Another important NCAR ac- 
complishment in fiscal year 1976 was 
the selection of a "fifth-generation" 
Computer, to be delivered in 1977 
Th^ new computer and associated 
hardware will enable scientists to 
rocess data from such enormous 
etfons as the First GARP Global 
Experh^ent, slated to take place in 
1978-79!^<rhis computer and ' its 
^ peripheral esRii^ment wijl make 
NCAR's CornWing Facility the 
world's largest aKd ' most versatile 
devoted to atmosphel^c research. 

NCAR successfully deWoyed a new 
• weather observing and^"eporting 
system, the Portable Automated 
Mesonet (PAM) in fiscal year 1976 
PAM samples data at Ihe same time 
at each of 15 field network stations, 
^verages the data locally, and then 
transmits it via a telemetry link to a 
\ base station so scientists can ",watch" 
' surface weather patterns 'across an 
entire network in real time. PAM 
. thus represents a technological ad- 
vance o^r a whole previous genera- 
tion of instrumentation 
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During the^st decade, geology (or 
earth sciences) has undergone a 
major revolution, the second in the 
history of this science ^lommonly 
referred to by terms such as "sea- 
floor spreading^" and "plate tectoitics" 
or "global tectonics," it has provjided* 
us for the first time with a umfymg 
conc^t of global structure and 
composition, a model of ^ow the 
major features of the Earth's sufface 
have been formed and changed, and 
the first keys to the basic driving 
forces of a dynamic and ever- 
changing planet. The-^ concept has 
enormous promise in explaining the 
origin and locations' of earthquakes,^ 
volcanoes, a'nd the processes involved 

■ 51 . : 



in faulting* and mountain building, 
with practical applications in natOral 
disasters and the formation of 
deposits of minerals and fossil fuels 
It would be difficult to overstate 
the success of the plate tectonics 
model^ in brijjging together the 
diverse specialties that constitute the 
earth sciences Ten years ago no one 
would reasonably ^ave predicted that 
paleontologists, * geoma^netists, 
marine geologists, petrologists, strxnC- 
Jural geologists, and seismologists 
would be working in concert to 
supply crucial tests for a concept 
comparable to thcftM)f the Bohr atom 
in simplicity, elegance, and potential 
to explain a wide range of diverse 
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observations Yet this has indeed 
happened, and the result iTJs been a 
revitahzation of the geological 
sciences^'^T^SiTi parable to that which 
swept physics at the beginning of the 
century 

But the new theory is stTll m its 
childhood Although mo^t ma)or lines 
of evidence reinforce the model, there 
are some phenomena that appear in 
part or in toto to be inconsistent with 
the plate tectonics model, and there 
are others that appear at this stage to 
be unrelated Jherefore th^s attrac- 
tive and promismjg theory needs very 
rritical testing anJ evaluation Its 
implications and its Imttations in 
explaining the Earth need thorough 
exploration 

Xhus a good deal of ttpe research 
supported by the earth sciences 

' program is focused directly on the 
elaboration and testing of the plate 
tectonics model And njost of these 
protects are subsumed under the U S 
part of the international Geo- 
dyriamics Project, an effort involving 
some 45 nations Many are also 
closely related to fundamental earth- 
quake studies 

Nearly as exciting as geodynamics 
per se is the focus and new significance 
"that plate tectonics has given to much 

^of the "old-line" geolpgic research 



Thus, projects. that study the granites 
of a mountain belt— fine research but 
of'local significance 25 years ago— are 
f now ' pieces m the whole global 
picture o^ subductiqn zor\es and plate 
boundaries And the study of fluid 
inclusions in crystals tells us not only 
the temperature at , which an^ ore 
deposit formed but also something 
about the temperature and physical- 
cherfiical conditions of the descending 
slab of a crustal plate 

A major and special source of 
current geological data is the Deep 
Sea Drilling Project • Having made 
mafor contributions both to the plate, 
tectonics model and to general 
geologic knowledge, the project 
entered* its fourth or formal Inter- 
national ^Phase in Npverwber 1975 
More than just a mere extension of 
the early reconnaissance drilling, this 
new phase focuses more on problems 
and will involve both deepai^-iJ^net ra- 
tion and more continuous coring The 
results should add greatly to our 
understanding of the history of ocean 
basins and the .evolution of the outer 
crust 

Fluid Indusions 

Many ore deposits, especially the 
metal^sulfides, form by the precipita- 



tion and growth of nrunerals from 
hot, saline water solutions that move 
through rocks Sitiall droplets of. 
these fluids are commonly trapped.by 
growing crystals as microscopic fluid 
inclusions. The past decade has seen 
renewed and increased interest m the 
study* of these fluid inclusions 
because they are a powerful tool in 
reconstructing the physiCcfl-chemical 
conditions of formation of ore 
deposits - , , 

One of the targets of the studies is 
temperature The coefficient of ther- 
mal expansion of the fluid is more 
than that of the enclosing crystal, and 
vacuoles (small cavities) are formed in 
the inclusions-when the deposit cools. 
But the process is reversible, so that 
when we observe the temperature at 
which, the vacuoles disappear on 
heating, we derive an estirtnate of the 
temperature of the solution at the 
time of entrapment The sahnity of 
these solutions has also been es- 
timated m an analogous manner by 
observing f('eezing point depression 

Of even greater interest are the 
specific compositions of the fluid 
inclusions andthe minerals that form 
in the cavities ty precipitation on 
cooling of the deposit Attempts at 
more precise detfer'mi nation of fluid 
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^Miner8^ history New methods for studying microscopic pockets of fluid trapped m larger crystals now permit the reconstruction of 
details of how hydrotherm^l ote deposits were formed At the left small bubbles in fluid iQClusion^fca fluonte crystal can reveal the 
temperature of the solution when it was entrapped At the right, a scanning electron mictograf^f an opened inclusion shows 
different minerals that have crystall^ized from the entrapped fluid ^ 
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composition are now being made 
using laser-excited Raman Spec- 
troscopy for in $tiu partial chfemical 
analyses and by opening and analyz- 
ing th^ volatilized constituents of 
individuaTv' inclusions ' by laser 
microprobe methods These methods 
are still in the develo^wnent stage 

A significant advance in identifying 
the minerals in the cavities has been - 

\made by geochemists at the Univer- 
sity of Michigan This group, led by 
. William C Kel^y, includes F W 
Mctzger, B E Nesbitt, and E J 
Essene Previous attempts at iden-' 
*tification of 'the inclusions rnvoK;ed 
optical . and transmis^ie'tY electron 
microscopy, but neither method was 
precise becauseof interference by the 
enclosing crystal The Michigan 
^'^^^jt^up has, now developed a technique 

. of definitively j^etermining the com- 
position of the inclusion? by using a 
combination of scanning electron 
microscopy and ener^BMispersive 
analysis of the X-ray. ^Blrum ex- 
cited by ^he electron beam The 
analysis is made on crystals in which 
the inclusions have been exposed by 
fracturing • < 

U^ing this • metF]od they * have 
identified a complex assemblage of 
inclusion minerals in fluorite crystals 
thah come fro.m the fampus gold-tel- 
luride deposits of the. Colorado Front 
Range Preliminary identifications 
hav^ also Been m3de of the 
assemblages present in quartz 

" crystals from gold-bearing Veins of 
the Oriental Mine at Alleghany. 
Calif . and from calcite crystals in the 
Carbonatite rocks *at Magnet Cove. 
Ark. The development .of this tech- 
nique is of prime importance in that 
, the inclusion mineral assemblages 
reflect the chemical composition; total 
salinityz-and cooling history of these 
deposits The fact ' that ind;vidua/ 
inclusions can.be analyzed makes it 
possible to trace life history of 
crystallization of ore deposits,' it 
should, therefore, lead'to substantial 
new knowledge about their modes of 
formation « 
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A Very' Long 
Period Seismic Array 

An area of geophysrcal research of 
great interest and potential practical 
importance is t+ie basic study *of 
earthquakes Even though a lot of 
hard work* lies ahead, enough 
progress 'has been made, since the 
19^4'Good Friday quake in Alaska to 
provide encouragement that such 
earthquakes can be predicted 

One important element m^ earth- 
quake research is the measurement of 
crustal stress 'on ^ global scale, 
because there is increasing reason to 
believe that local earthquake oc- 
currences are related to such global 
behavior Thus, fncreased knowledge 



about stresses in the Earth on a 
worldwide basis will aid research 
directed at earthquake prediction on 
the more local level 

To this end. a netwOrk of modified 
La-Coste ' Romberg vertical 
accelerometersr is currently being 
installed by University of California^ 
San Die^o. scientists at selected sites 
^aroiind the world The 'instruments 
,are the most sensitive ever developed^ 
and the network, which will o^tirqally , 
consist of approx.irnately 20 stations, 
will provide"* a unique set o{ high- 
quality, very long period digital data. 

Stations are presently'instailed at 
Pinon Flat. Calif . Canberra. 
Australia. Nana. Peru. Sutherland. 
So^jth Africa. Fialifax. Nova Scotia.-- 




\ 



Global network for long period seltmology. f his nQjwork of seismic instruments will 
provicte better data for the study of the free oscillations of the EaTrth, the distribution of 
global stress patterns solid Earth tides, and earthquake source mechanisms Seven 
stations are now operating (coforea triangles), profected sites are shown by open 
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Garm, L^S S R., and Rarotonga, Cook 
klands. The station at Garm, *vn'- 
' * ' stalled in September 1976, is the first 
aT\d only permanent western^ 
seismograph station in the Soviet 
y^jin Other stations defini^el^ to be 
installed inclyde Braziha, Hawaii, and 
Alasl^ In the case of foreign 
stations, the United States provides 
the equipment and such maintenance 
as IS necessary, while the foreign 
nation provides all operational costs 
as well ai^the critical geographical 
position. Success of the network 
depends on% internationaQ scientific 
cooperation Data are available to all 
interested scientists through the 
Environmental Data Center of, 
SiOAA 

As of September 1976, seven 
.stations were operational Although 
most of these have not been rujwiing 
long enough for multiple record 
analysis (i e , to use them as a 
'network), significant scientific .results 
' have already been obtained from the 
analysis of smgl« statit)n data For 
example, the processing of several 
week's' records from Nana, Peru, 
show c!ear!y> the ^-hourly tide at the 
1 to 2 percent level, something never 
p, before seen From such data, it will be 
possible to determine whether the 
elastic properties of the Earth vary as 
' a function of tidal period— important 
/ infermaUontor studies of the Earth's 
core* In the seismic band, a new 
method , to selectively amplify the 
long-lastmg vibration modes (high Q) 
will aid other studies of deep earth 
^ructures From the records of the 
recent Guatemala earthquake, for 
example, Q was determined for many 
of the fundamental modes and some 
overtones to an accuracy of 3 to 4 
percent, far greater accuracy than 
ever belore achieved 
' With the completion of the sixth 
and • seventh stations, it is now 
possible to look at-source mechanisms 
of large ear,thqCiakes m the -k^ng 
pcripd band The records from sVx 
stations should enable the determina- 
tion of the pattern of stress release 

o 
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for time intervals of 1 minute to 1 
hour and should permit us to know 
•what useful precursors, if*any, fan be^ 
observed for large earthquakes^ 

, Ocean Sediment - 
Coring Program 

For the past 8 years, the Deep Sea- 
Drilling Project, a part of the NSF 
Ocean S/diment Coring Program, has 
been, drtlhng and coring in the 
sediments and upper basement rocks 
. of the world's ocean basis^s to deter- 
mine their composition, structure. 



and geologic history. The project is 
managed the Foundation by the 
University of California, wi^h the 
Schpps InsHtu^ion of- Oeearjpgraphy 
of the university responsible for 
accomplishing the project's scientific 
objectives The University of Califor- 
nia subcontracts with Global Marine, 
Inc |(GMl) to perform the actual, 
drilling and coring operations using 
GMl's ship, G/o^ar Challenger. 

Early in fiscal ye* 1976 the project 
completed its third phase of 
operations By tl^ end of this phase 
573 holes at 392rdifferent sites w^re 

V 




* Aboard Q^OMAR QHALLENGER\Ph\\'\p ftabinowitz of Lahnont-Doherty Geological 
Observatory, a co-chief scientist on Leg 45 of tti^ Deep Sea Drilling Project. Inspeclis 
a downtiole hydrophone used to measur0 sonic ciharaqteris^cs 6f fdCksf'tielo\Ar tfte 
ocearv-floor DSDP research on 1976 resulted in /lew findings abo^t young crustal 
material and about events associated with the splitting of North America from Europe' 

.and Africa ' J / 

c: ^ ' - 
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drilled in all the major c&ep water . Legs /4. 47, and 48 were ifriportant mOre than 2,700 meters anJ, in the! 



pcea^^ basiPvliindseas of the world A* m d^^rmming the history of Jhe' 

Jolal of^ 4<J3 shipboard ^ s(;4eotist9'^ early opening of the Atlantic Oc^an 

particfpited m thp first three phases Huge^ submarine mudflow and- 

of oce4n 3rillmg/ 19^6. persons have avalanche deposits vveVe 3R^scovered 

served as/ scie^ific 'adviser^ to the . on both sides of the Atlantic* Chaotic 

pr^eCf i^^total of 54.i94»'||parate pebbles. •>iumps of mud. and'crmkled 

samples *w^e distributed to 528 U S jayers of ooze were carried^from the 



and foreign scientists! fr,om academic 
inst'ftutionJ, indusiry^ and govern- 
flffent agencies 

vThe fourth phase vpl*T5cean drilling 
the Int^natj c^^ /f hase "of 
Qrilfir^ UPOffl iL^eii»g conduf 
with increabed jnternational suppo 
In Ianuary#'*t974^ ^he So\ let Union 
signed ci Mt^Qj^andum ot L'aderr' 
standing wi^ NaSF, jgrtn-^ng "to 



ling. , wer 



relatively shallow shelveg- 
vvater, probably carving submarine^ 
i^anyons* across the slope as they 
went Large ' quantities c^f orgarnic 
^tter quickly buned by this process 
a.it the right ^epk>gical cgnditions 
conversion into oil and ^as 



Bay of Biscay.^ swamj^ fringed with 
coral reefs sank 1,20CL nieters below 
sea level Strctng. submaWie curr>ent5 
along the continental maVgin at one 
place swept away *t**4lanket of 
sediments over 3 kilometers thick At 
othjer times, stagnant conditions 
developed, li^mltm^ in the accumula- 
tion of blaclfForg^oic-rich sediments 
Clues to help date i%e origin of the 
Sahara Desert and evidence for^cold 
currents that may have changed the 
Atlantic Ocean's climate help^ us 
better understand the p'aleoenviton- 



Evidence indicates that when Noniii /ment' of the Atlantic region 



4frierica first split from Europe ar? 
Africa there wa.s a r^pjd collapse of 



contrfbute Si a million fer year to,, the continenral margin Off the, sche. 



the J^ro|ect Vor 5 years ''Since^ thip 
begiphrkg.' of tiscal y^aF / 1^7 6. 
agreements to contribute $1 0 miilion 
per ye^r to IPOD were signed by 
Jaj^ari*i the United Kingdoin, France, 
add the Fedewl ftepubfic of Germany - 
DrJlinijA operations during fiscal 
•year I47ei^oncentr.at^d on twp mam 
objective"^ Tl ) to*drill as deeply into 
the basaltic crust of 4he ocean as 
possible withm a limited ti/ne frame' 
to determtfie i ts or^hi^ nd Evolution, 
' and (2> to penetr«e th^ thick wedgA 
sedimeiSts along the AtJ,«*fitic 
Ocean marj^ns ^to b^etrer und^stand 
th^jwleoefJylron mental changes tfiat 
^l^place when North America split 
from .Europe\and Afnca ! , 

Legs 45* and* 4t)' ^^rc 4^v^>teJ to 



United States ^ere were Bahama- 
type tidal fiits that napidly subsided 



Glomar Chulhu^er wiU finish the 
present Atlant!?^ Ocean ^dnlling 
by February 1Q77 At that 



-tim' 
Paci 



leduie 

:iric C 



Will embark on 
Ocean program ' 



a 2-year 



Oceah Scieiices 



■ T*— 

. The overall ob)ective of NSF's 
programs in the ocean sciences \s to 
improve our understanding of^the 
nature of the ocean, its influence on 
our actj^vities. and our^wn impact on 
flje rn^^rine envirortment Th* is 
'a'tcomf-^lished through three -major 
progran>s or)t basic research pro-r 
^ram to support projects oi individual 



• drni!njj''^to the basaltic rocks ap-. scientists at the oceanographic 



proximately PO^miles frorn each side 
o*f the Mid-Atlantic Ridge e^tS^"" N - 
latitude While* a great dea4 was^ 
learned about^^om^g trustal material 
neir a j'lcjge axi§ when fractured 
basalt ^d layers qf basaltic'sand were 
penetrated. dril]ir)g was diffi^-ult and 
maximufri penetrati6fKWas- limited to 



' 664 mefers The detection of ^tvq'ai 
• ' rpagneti^ reversals m just a * few 
^ h-undredfe^et of basalt was p surprise 
to most scientists The first deep-sea 

wtll-%?gging program" in cry^allih^ oceans. theirContents, and the sea 
^rt>cks*.wa% successfullyi||ca#|^d out "fkwr Investi^ions concentrate on 
^ ^fter drilling operations, cea PS physical 



stitutions. a second to support a ' 
limited number' of Urge, managed 
projects, and a third prograni to 
provide ^ for the acquisition, and 
operating costs of the ships and other 
oceanogiaphic facilities needed to 
carry out these research, prOgrami- 

Sufl^piort for Individual research^ 
projects provi^kh more than 300 
granls in fiscal jle^ir 1^76 \o individ- 
(^1 scientists lor developing fun- 
4amental knc/vledge about ' the* 



Qc e a n c 



fphy. 



ma rioe 



chemistry, submarine geology an$l 
g e o p, h y .s i.c6 . and biological 
oceanography 

Th^ International Dec^^de of Oce^ 
Explora-tion supports large-scale, mul-* 
tidisciplinary. international projects 
focuseld on the role of the oceans in 
climate, "food production, pollution, 
energy, and natural respurc^s. with 
considerable participation by ma^ny., 
' nations abound ^the world,- These 
efforts are incorporated into foyr 
programs — eny iron mental fore- 
casting, environmental qifality, *sea- 
bed assessntent.^nd living resources 
C)ceanographij facilities and sup- 
port .contributes .diijectly' to these 
oceanographic research efforts by 
providing, "s'upport for 30 research 
ships and* a number of specialized 
facilities, these are scheduled on' a 
shared-»use basis* *Basje^ on its pro- 
grams for review and evaluation of 
ac-ajemlc' fleet ^frformance and 
material condjfPK'NSF lu^ports a 

I 
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continuing effort t6 upgrade the 

facilities necAsary to subtain a vial% 

oceanographic research effort 'at the 

Nation's univers^it'ies " 
/ 

Cycling of.'Dissolvdd 
Organic Matter in 
the Sea 



hdb be 



stu 



€nerg> 

c^d manv year:^ from the 



S>er spectre of the (.lassKaf mode! of a 
foo*d chain— diati>mb through ^P^- 
podb anii kVil! to hsh and wWles 
Howe\n.'r, reient -.todies t^^v a Humlapr 
wf researchers ha\e repealed that tne 
m a portion ot the otean'b available 
^ eaerj^v may. be' flowing through a 
ftxid v#eb ,ti>mpVi-.ed t^f di^sifhed 
Vjgank matter, nonliving . c^rganu 
.partitles and tho^i mii rt^>rganisms^ 
suth as bacteria th>U tan Lonsumt; 
■ this organu matter dtrectU Ljttle 4^ 
kn<n\ n abtnit the nature and com en- 
tfatKUi of' either the 'di^^oUed 
material or tTie .ton-ume'r or^aru^ms 
Akn Sieburth^ol the Lniversitv ^>f 
Rfifnle Mand ha^ diri'tted hi^ stwdies 
tii.\ardN thesf problem^ K>r^e\efalA| 
^ear-i. and,t>n a re^ei^t pro|e(.t he ^ 
focused ^/s .attentK>n' c^n thu thin 
* Lrver of water at the sea sjjrfaie: a 
/one (firtuijlarlv likelv U> be'aih'xted " 
^ bv pollutants sLiih a* petri>leum 
^^nvdrt>uirbons Me i«und thcU this 
mRrt>laver, and partKutaplv the ul- 
tlTathin skjn" at the uate/ surKu'e, is 
ruh Vn dissolved organic larbon , 
apparentU of ph\ toplankti>i^ ^origin 
I n<?ubcUions using this \vater 
• (lemons traied that it buppL>rts aihv***^^ 
microbial population^ in coni'en- 
trati^ins appri^aihing those of 
I a bo r a t y^u 1 tijc e s 
, 5iebf^J(r.hypotfu>«es that the 
upward nocturnal migration of graz- 
ing /ot^pJanktt^n may serve tt^ 
*transp;,)rt and subsequent K release 
.these dissolved materials into 'the 
surface VateWs \^ri^sct>pu observa- 
. * tions of blue-pigiViented , topept^ds 
floating on the water surface prt>- 
vided Vn interesting i Hustra tum t^f 
^ j^l\^Kid web depe;»<^^nT^c^n dtssi^lved 




Prlmar7'cori$uhiers.Tood-chain mterections in the ocean's,very tfim surface layer 
may be far more-iqiportant to marine life tfian previously^fioughl Typical inhabitants 
of this microfayer^re 'shown in this electron i;nTcrograph of t^e surface of a blue 
copepod that ha^ been cofonized by*a suctoTian protozoal^ The protozoan u^^ jts 
combination of Outer and inner'feeding.tentaoles to capture and ingest bacjeria thai ^ 
live in the-surfaoe watecs (Photo by John'Sieburth/University of fft^ode Island } 



r 



t^rganiCs A large percentage t\f the 
Lopepods were infested with a* sue- 
ti^rian (sttilked prottvoan} Micf^ 
sLi^piL sectums thrt^ugh the suc- 
turt-a n > ' i nd ic a ted t^ha t they a re 
Lim>ummg the microtlganisms thriv- 
ing in these rich surTaie waters The 
suL tt^rians > a nd their ct)pept)d ht>st'S 
are. in turn, a source of ftnd for 
larger tnv*ertebrates ancMarval ftsh 



In further s^y^diesjB waters below 
th^ surface\microIayers, Sieburth 
employed dl^fus4on culture ap- 
"partus to measure th« i\^tfu growth 
rates^llf'^fff^se microorgJnvsms Tf\^ 
diffusu^n culture system is a chamber 
divided by a membrane- The mem- 
brane acts to' cage a population of 
micrtmrganisms cm one side of the 
chamber while exposing them^to 
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n^iturai fluxes of dissolved orgaiBis 
♦.that '^chvely^ diffuse tHrough ^^e 
pores in the mefrfbsane In t\^Atrast,t() ' 
previous "experiments fri^ di^sed ^ 
V littles, th'is chamber ailqwed tVie 
microbial ^populations ^to achie^'e 
rnaximal growth^Vat^s reflecting the 
. dynamics oP the $upplv of dissolved 
^'materwl ' in the i^ea water The 
resulting gr^^vvth rates^vvere two, 
orders of magnitude ♦ higher than^ 
generally reported for tHe 'open bea 
This experiment su^esls that -a large 
amount of organic matter' is* in a 
dynamk state", rapidly /<.vcled by 
muroorganibms In 'addition, the 
re^tiltmg bacterial bioma^t.^ inditate^ 
that the open (Ht;a^^ art^ more 
produeti\'e than ' wat? previouUy 
^thought This finjding helps explain 



the longstanding; discrepancy^ 
between our estimates of the stand- 
ing btotkb of z.ooplankton, fish anj^ 
whales, and* the yisufficient « 
phy toplankton production presumed 
to support these populations Wnile i 
this work requires additional substan- 
tu^tion, it provides an important new 
p^^rivp.echve in our efforts to deter- 
m-lne the processes tliat maintain the 
lorig-terrft-Neqyihbrium of lite ii>»ihe 



Project FA 
Sea-Floor 



Jr- 

rjpmtrac 

rvas rapK 



L'ni^rstandin^of^HBItracture of 

the AHeanK ^crus4- tvas rapidly Vid- ^ 
van^^d lYi recent ^ars as^ a result of 
the dev'elopnnent of the theory e>f 



global plate tectonics Stated very 
briefly, the Earth's outer shell is made 
up of a small number ofMaf^ge 5emi- 
r.igid plates that move^ relative to one 
another New oceanic crust is formed 
at the crest of midocea»py ridges and 
then mt^rates or spreads laterally 
from the crest at a fate of the order 
of several centimeters per year 
Ultimately, it sinks into the Earth's 
mantle at the oceanic trenches 

Project FAMOUS, an abbreviation 
for French-American Mid-Ocean Un- 
dersea Studife, concentrated on ex- 
amining the tectonic and geochemical 
processes active at midocean ridge 
crests A segment of the inner rift 
valley oT the Mid-Atlantic rid^e was 
investigated iri detail^from the sub- 
mersible Alvin The chief diving 



L^TE 
* VOLCANISM 




Seams of lh« Earth. A rrfo6e\ and cross-Sect»onal (5iagram;>eflecting observationsiDade with the submei*sible>^/. V/A/along'the 
Mid-Atlantic ridge., stiow \he raised central volcanic area.' the lower collapsed zones on either side, and the uphtled area still' 
further frofo the spreading center ' . ' ' 
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scientists, R D Ballard. ']' 
Heirtzler/and W B Bryat^- of Woods 
Hole Oceanographic Institutiofl, T 
van Andel of Oregon State Uni\cer- 
sity, and I G Moor^ pf the US" 
^Geological Survey, made 15 traver^^ 
across' the floor of the rift and»up the 
flanking valley walls to- th^' first, 
ma)or fault scarps The data ("rom 
Alviri were broadened with infc^rma- 
tion collected^tothe area with pi^^ire 
con%ntional tecltntq^jes. leading to^a 
complete geological interpretation of 
^he study area ^ * 

The geologic model showb that the 
central part of the rift is a prodOa of 



already'firesent, producing^ a zonation 
wittiin the. chamber which is en- 
hanced by .fractional' crvbtallization 
r Age sequences for the lava flows- 
show, in general, an orderly progres- 
sion of young" t*o older rocks going 
from the axis to the valley .walls A 
few anomalously old rocks'^are found 
vn the axial depression The most 
strii^ing anomaly, however, is a 
i^catter of very young ro^ks across the 
entire width bf the valley f4oor This 
suggests that a shalleyfl magma 
reser\||lr exists w^tfc free cotnmunica-> 
tion across ihe ^width"^ off the- valley* 
floor * Episodes of major volcano 



-^tensive vokanit activity and active ^buildir\g along the axi§ apparently 
faulting Small voltanoe;, are built* up alternate with reduced' actwity algrig 



alon^ the spreading axis, shortly cifter 
formation, the volcanic structure is 
modified by vertical ctiilapse, which 
leads to a reduction in the bottn^ 
relief This process '^s rev-e/^ed in -the 
outer parts of the nft vailey as upl^' 
begins Here the tensinnal nature of 
the strebses changes to vertical/shear 
as the volcana blocks are intor- 
porated into the wiliey w^alls aVid 
elevated During the various^tages of 
uplift, terraces are formed ai^ ^om^ 
of the original vokanwes c^n Ije 
recogni/eTi Mmeralogiuai and 
geochemw.il analyses of vokanii^ ri)Ck 
samples recovered by the yubVherbi- 
ble. (?oupled with th^ examination of 
volcanic flov\ features, show that 
iiome of the lava flows come-fri^m' 
secctidary fissures w'th+n the^./jft 
valley Jhe sou'rce regions vfor the 
flows — magfna chambers — art 
shallow and show considerable varia- 
tion in compobition int^'rang'e 
'vfilcanic rock typ^' found in 4his 
small area is approximately the same 
as the variations found ^^long the 
entire length j^if the 'Mid- Atlantic 
ndge Thus. >i appears "lha* magmatic 
processes such ^ » fractK>nal 
crystallization, ar vari,3bie ► p.^rt al 
melting are important factor^. \t\ 
controlling composition o^ individual 
groups of lava flov^s Magma batcheb 
arriving at the fnagmd chamber d(> 
not completely fnix with the magma 



the axis and mope widespread activity 
from the secondary fissi/res 

Results from Pro)ect EAMOUS are 
being incorporated into kinematic. and 
dynamic models of *the sea-floor 
spreading process It is apparent that * 
on the spatial and temporal stfale of 
'thib btudy. th^ processes in midocean 
nft ' systems are ' not contmuoi^s 
Additional laboratory analyses of the 
rock samples' should define the shape 
of* the magma reservoirs and the 
sequence of events with much 
grea,ter precision ^ The detailed 
geologic studv of ^e FAMOUS area.* 
cbuplcd with geophysical models of 
^the deeper crustah structure ^d 
volcanic -^placement orocesse^s. 'are 
generatmg improved geodynamic_ 
models for this seafloor growth 

Equatorial Tide^iSea Levels, 
''and Internal Motions 

A recenf discovery by Carl Wunsch 
of the Massachusetts Institute of 
Technology has shown that it may be 
possible to study very lopg-terin 
variations in ocean re water 
movements bv the proper interpreta- 
tion of d^A* on fides— phonc^mena 
that- have^fen recc^rded for cen- 
turi^ ( * 

Tides can, in general.'be thought of 
as' peri(>ijic changes in sea level 
produced by the gravitational pull of 



the Moon and Sun Numerical models 
have been ver^ successful in predict- 
ing tidal heights over very small 
geographic apas However, m some 
regions of the oc?an, particularly near 
the Equator, variations in the sea 
level records cannot be explained 
simply as tides For example, some 20 
years ago Gordon Groves, now with 
the University of Hawaii, poir^ted out 
a 4-day oscillation in the tropical 
Pacffic Some scientists speculated 
that this and other unexplained 
variati6ns might be clue to internal 
motions kn the sea — large .,,dis'tur- 
bances of the interior of tjie ocean 
'due to Its large density variatfons 
These ' internal motions can te 
generated by interactions with the 
atmOspheriCwind and pressure fifeids. , 
as well as bv the interactions between 
tides and the irregultfT bottom How- 
evei;: they are usually thoyght to 
generate only imperceptible' changes 
'in surface -level 

-VV'unsch's surprising discovery was 
that small but significant portions of 
se5 level variations fire (^ausecl by 
atmospherically - driven internal 
motions and not entirely by tidal 
motions In fact^ if tide records aVe 
properly interpreted, several, density- 
dependent internal motions 'can be 
"seen" superimposed on the surface 
tides Wunsch and a coHeague. A E, 
Gill, from the ^University of Cam^- 
bri^jj^e, showed theoretically that 
several t/peS' of nontidal internal 
' motion can occur near the Equator^ 
that tRey are caused- by venation? in 
atmospheric ^ wind 'cgnditions. and 
that they can explain some of the 
unexpected cc^mponents observed m 
equatorial Pagfic tide gauge recof^s 
To pursue this finding, tide gauges 
have been placed oh islands of the 
Indian Ocean as j metkod of studying' 
the response of that ocean to the vervr 
large annual changes in the w:nd^ 
conditions asscKiated with ih^ mon- 
sodS Preliminary analysis of these 
records ^and of historical data in- 
dicates that the monsoon can be 
treated as a periodic disturbance with 



ERIC 



5'c 



ASTRONDM)C)VL ATWOSPHERIC^EARTH AND OCEAN ^i^NCES ' 47 



an ajinual, or possibly' semiannual 
f)en6d An apphcation by Wunsch of 
mcxJel used by meteorologists shows 
^hat this periodic forcmg can resulUifi 
a layered motioa at ^he Equator, with ^ 
the water at alternating le^vels mov- 
ing eastward of westward The layers 
themselves move upward «and 
downward very sio.why^ and on the 
basis of short-term current measure- 
ments look like the usual equatorial^ 
currents and undercurrei^t^ 'Recent 
measurements oF the vertical velocity 
structure by )ames Luyten of the 
Woods Holt 'Oteanographif^lnbtitu- ' 
tion ten4 to agree' witli VVunsch's 
analysis - » 

In summary, equattmal ocean cir- 
culation IS a complic^ed air-bea 
interaction problem wilh Ipng time 
scales antJ^with a vangty of j^patial * 
sc^ales Ver<y loQg;ter1^ ^'moorings 
(possibly • for several jyeaYs) of 
pressure" and current sensv)rs are 
needW to observe these motjc^tis 
Because tfie CKea^* and atmosphere 
ha^ similar time scales- in "these 
equatorial regions, it is here that one 
IS likely to rrjake the most immediate 
progress' in under^tandin^^oceanic 
motions forced. by the' atmosphere 
There is some hope that' this will 
eventuall^lead to an understanding 
of the effects of the ocean on the 
atmosphere, which is critical to our 
understanding of climate - 





V 



' EqufttoHal tIdM. An 8-year recorcJJtpp) oi tfie ^ort^T^souttvcofnpon&nts of wind ^he Maldiye,lsiand5. very near the Equator in the 
Indian Ocearf, shows the p^r^fdic change? associated with the monsodfi Art WunscfiofMIT used these annual cycles dnd a 

- meteorological nnloctel.iQ^culate the expected effects on ocean water movement^ below the surf&ce (ngKt). a caiculatic^n that 
agrees well with ac^al TOasurements (left) made 1 .000 Miles wes,t of the Maldives byjames Luyten of Woods Hole Oceanographic 
Institution These finding»«xplain how certain tidal variations ancj parts of the Equatorial Undercurrent system ^re actoally a Vesult 
of ocean/atmosphere interactions ♦ 
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IrAefnitional Decade of 
Ocean Exploration . ' 



vThe Conti*ylled Ecosystem Pollu- 
tid^ Experiment (CEPEX), supported 

i)y^ IDOE's envir^mental • (Quality 
* program, uses l^rg^lastic enclosures 

'suspended rn tl^ waters of Saanich 
Inlet, Vancouver Island, British 
Columbia, to assess the long-term, 
row-levef effects of pollutants on 
comnruAjiit*^ of marine ftrgai\isms 
captured iri these cylinders In fiscal 
year 197o, CEPEX scientists from 
Canada, the L'n+ted States, _ 
United Kihgdopn found mdicaiion?^ 



that copper, mercury, and hydr(l[a\-^ 
bons have . similar erfects/^n 
organisrns occupying the lower levels 
of fhe marine food'chain. Specifically, 
ba^ena shov^ an iniTial decrease ;n 
•population when exposed to t,hese 
pollutants, followed by a population 
increase Researchers also observed 
that bacteria built a tolerance to the 
metals used in 'the experiment, and 
th^t this tolerance transferred to 
other metals as welU For example; 
bacteria' that became tolerant to 
copf>e| also became v^olerant to mer- 
:ury _ln addition, -they/foupd th'at 
jecies of phytoplankton become 



a£fe*cted in the same order regardless 
W the pollutant, whether; copper, 
mercury, or petroleum The loss of 
those species is. reflected in ^loss^of^ 
tlie zooplank'ton that feed on them 
Thus," the , effect' on thft population 
becomes predictable with fairly good 
pcecision, regardless of the pollubant. 

lo the environmental forecasting . 
program, scientists^ in the Morlh 
Pacific Experiment (N.ORPAX) +\ave 
found thatjehif>erature abnormalitfe^ 
previously found at the sea ^urface 
.actuaJly penetrated into the u|^r 
layer of the ocean Jo study the 
evolution of the^e heat anomalies m 





CLIMAP Based on studies of fossils in deep sea Pediment co^s^ this map represents the^globat^nvironment 19.000 years ado 
during the most recent ,c9 age The darkest shad^ A. with an albedo 'or reflectivity of sunhgftfVireater tfian AOpercent tsbnow 
• and ♦ce with th^e contour ^m^s repr^isentmg elevation of th6 k:€ sheet aboversea level in rrx^\^i^%^^^^^'^^ 30 and 39 
percent Is sandy desert patchy snow, and snow-covered dense coniferous forest C. an aibedo NrtWeen 25 an0 Z9 percent, is 
loess steppes and semi-desert D. ilbedo betv^een 20 and 24 percept j| savanna and dry grassland^E. albedo belovv 20 P^'cent. 
,s forested and thickly vegetated land F. With albedo less than lf percent. « rce-frtfa. ocean and Jake with sea-surfdce 
temperatures shown jn degrees Celsius Continental outlmes (note the icd-fretf mnd corwtecUon between Asia and 'North 
Amecica) represent a sea lever lowering of 85 meters ^ ' . , • 
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the North Central Pacific Ocean and 
their relationship to the overlying 
atfftjsphere, NORPA^ has a con- 
tinuing measurement program using 

, ships and aircraft 'of opportunity 
NORPAX scientists have also made 
Ipifg-term ^'forecasts of v weather a's ' 
,part of their research Recently, they 
accyrately .predicted low rainfall over 
the« midwest during the summer of 
and the development of El Ninir 
contritions^ in the Eastern Tropical 
Pacific' earlier that ^me year . 

Analysis of f^ib^ik in deep sfa 
sediment cores has enabled scientists 
in the CLPM^^ jClimate LciTig-range 
Investigation, , Mapping and Predn:- 
tion) PrUjetft to dj^^Cribe the main 
global envi^onitientai features 18.000 
years ago Thick ice sheets stretched 
as far south a> New York, sea surfacjp 
waters vver^ cooler bv an average of 
2 3*^ C, sea level was lower bv nearly 
300^eet. and* the tiulf Stream was 
located far to the •south*^^( itt J>resent 
path: running almost we^t to cast, 
contrast to ^the more nort-herJy 
pajttern tHat it ntnv follows As also 
reported in *the ,C limate Dynamics 
section of this report, CLIMAP 
scientists have used th4S data to 
demon^trcfte that • changes in the 
EartB*^ solar o/bit a-re th^^ main laase 
of global (.limafe, changes These 
changes seem to occur irf cy(,ies of 
about 23,000, 41,000, and* MOO.OOO 

' yeaP^ This data also indicated that 
climate changes in the Southernr 
Hemisphere occur about 3,000 years 
before similar changes occur in the 
Northern Hemisphere \ 

Scientists frc)m Oregon Stite L'nC^ 
versity and tlje Hawaii Institute of 
Geophysics have con tmued to analyze 
the origins of metal-rich sediments in 
th^ eastern equatorial Pacific as part 
of the seabed asses.sment program 
V^anations in these sediments appjear 
to be associated with the kind of 
.ocean environment in which *the> 
CKCur For example, ne^r the crest of 
the fast Pacific Rise, %eawater flows 
through the ne'w sea fljot". removes 
mmerals from the new oceanic crust. 



and deposits them as "hydrothrfmal" in the water, and circulation have 
sediments on the sea floor The importanl effects on the ecosystems 
northern portion ef'the East Pacific It also appears that large changes in 
Rise lies under the zone of high density of undercurrents have a large 
biological prod^uctiv.ity of the -impact \n fact, these changes may be 

responsible for the ,collap%^ of 
biological productivity observed dur- 
ing the 197,6 El Nino Scientists are 
now planning theJoint-II experimerit, 
the most intensive' study yet 
attempted of the rich Peruvian up- 



equatorial Pacific surface waters 
Here, banum and zinc are supplied by 
the shells of, ■Surface-dwelling 
organismfs that accumulate on the sea 
floor Away from the rise crest, 
aluminum, siiica, and to a'less extent,. 



iron and* /inc^ are supplied by' land- welhng system 
de,bris corned away fron>v Sduth -Research has also continued in the 
America by deep ocean cbrrerlts \n ^eagrass ecosystem study,^ which 
some areas^ nickel, Iferium, cipptr, • dealsr vv^lh the biological and environ- 
mental processes affecting the 



growth, reproduction, and distribu- 
tion of rooted marine grasses These 
•grasses are important as a nursery 
for fisheries and as a potential' 
receiv^er of f>ollutant^ r.eleased into 



nc are derived direct!/ .from 
seawater along with the Kydrather 
ma! sediments, as well as through 

alteration of ^<;Mrf.irR_ c;pjjmpnf<; 

,Along the Galapagos -Spreading 
Center, northeast of the Galapagos 

Islands, scientists from Oregon State, ^ the marine environment 
Stanford, the Scnpps institution of ^ ' ^ 

Oceanography, the Massachusetts OceanOgrapMc Facilities 
Institute o^. Technology. *and the and-^DDOrt 
VVbcxi^ * Hole Ocean^raphic Lnstitu- . , ^ 

tion ire exammmg the hydrotherma! The "academic fle^t^" consists of* 

circulation process that leads to the' ^approximately 30 major oceangoing, 

production of metal-nch sediments and coastal research ships operated 

where new ocean floor is formecr By- by academic laboratories to c^rry out 

making sea-floor heat flow and federally supported research projects 

bottom v^ter temperature measure- Ship-operating , and ship-using in- 

ments, these scientists have b^en able stitutions have joined in a voluntary 

to identify sever'al areas where this association called UNOLS— the 

hydrothermal circulation is presently Universityj-National Oceanographic 

taking ;^ace. The research submersi- Laboratory' Sys\m — to ynprove the 

ble Alvm will be used during the' utilization and effectiveness 'of the 

cc^ming year for sampling of this fleet and ensure >that ship time is 

dislhai;ging . water Until ,now the shared equitably 
temperature ancf»composition of this* Capabilities of the fl^e^ h.ive been 

water have been iqferrecf either from greatly enhanced during i97c"» Dy^ the 

labontorv studies of basalt-seavVater replacement oj three converted 'ships 
interactiOD or stat.stically by chemical World War I! vintage with the 

analy'^es of large numbers of sedi- three new QffflMus clas§ ships whose' 

ment samples The use of Alvtn will* . construction was furrded by the 

allow this water txj be sampled direct- Foundation R/V Oceanus. th^ first and 

Jy * ^ namesake ship of *"the class, was 

As a rfsult of five internatic>nal delivered late in 1975 and assigned to 

field pxper ments^ or. different coastal the Woods Hole Oceanographic In 

upwelling ecosystems, scientists in §titution, which ajso^ carried out the*^ 

the living resources program have original design studies &/V Wecoma, 

now ^hwvyn that fairly small operated by^regon St^te University, 

differences in wind, the sha'pe of the was deliveredjB^^^ne month later 

^ea floor, djen^ity and stability fields The two ships were outfitted by their 
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respective operating inbtitution^? and 
have been performing capabiv on full- 
scal^' research programs since tK 
spring of 1^7*6 Coni?triiaion of R V 
Emkavor which will be operated by 
t^e University of Rhode Uland, wa^? 
completed in October, 1^70,. Outfit- 
ting lb scheduled for thetvmter, and 
Endeavor should be in full service early 
in 1P77 Title tg all three » ships 
retamed by the Toundat-ion The\ are 
-assigned to the operator in^jti^ution^* 
under reryt^wable 5-year Charter 
P^rtv Agreements/ 

The distinguishing features of the 
CXtii*iu- e'la>s are flexibility and 
econcimy 'Although onK 177 feet in 
overall length/ the\ ^r/v a >uentifK 
p4rty ranging from 12 to lo per?c)ns, 
contain o\er 1,000 >quare feet of 
ilaboratorv spaie, and ha\e a large 
open afterdetk tha4 aikn\s for easy 
handling of all t\pes of o\ er-the-side 
tKea aogra-ph II gear Another impor- 
tant design feature is the placement 
of quarter^ and l^boratt^nes low. 
amidships, uhere they are least 
affeited bv motion Heavy tcm^truc- 
tion, Seep draft, and high freeboard 
make the ships exieptionallv stable, 
stead>, and dry —important charj^ 
fenstKs for worldwide, year-round 
Use Controllable speeds range from 
dead slow to 15 8 knots, with a 
cruising speed of 14 3, the con- , 
trollable piU h propellor, fully 
trainable how thru^ter, and Kort 
nozzle steering provide full 
maneuverability under wav and on 
station The ship^ have a range of 
",C00 miles and 30'd3vs' endurance 
Economnai operdtmg tosts result 
from a modern engine room, the use 
t)f easily maintained* standard marine 
" equipment, and the need for a crew 
of only 12 persons . 

Wfth the delfveVy of tfuhaior 
pT-esently funded, (construction aLt:\i- 
, ty nas be en c^o mpl'^ted and NSF is 
now turning \o consideration of 
future qeeds During ]^7o, the 
cKeanographic facilities -and support 
program funded conceptual design 
s.tudies and^tests of existing designs 




Modern research ship. R V ENDEAVOR, the thicd o< tTiree new oceanographic vessels, 
was^added to the Nation's academic flegt in 1976 This 177-foot-long OCEANUS-c\a^s 
^ip designed expressly for research is being operated by the University of Rhode 



ft)r a pt>lar research vessel and for 
ctia^tal ijhips ranging frtim 65 to 135 
feet m length These studies should 
be readv for evaluation early in 1977 
The Foundation continues to 
provide a substantial sKare (>f t+ie 
opeFat4|>nah support for the Deep 
Subnyrgence Research \'esse^^/t i»i ^ 
operated b> Woods Htile as a NRr>nal 
Oceanographk Facility This support 



is provided under an agreement. 
.Signed in 1^75 by the Foundation, the 
Department of the N'avy,' 'and the 
National Oceamt and Atmdsphertc 
Administration DurTp^ 197g, Foun- 
dation grantees- utilized the unique 
4epth capabilitie's of Alvtn for collec- 
tions, experiments; and observations 
in fields ranging frcftti microbioiogy to 
geophysics ^ , < 



United State$ Antarctrc Research 



A University of Maine glaciologist 
has shov/n that, on the Ross Ice 
Shelf, tempMature of the ice at a 
depth of 10 meters rose T C between 
IQ58 and 1'574 The temperature at 
^tFi7t^"JeprK^ a 'proved indicatt^r of 
average annual air temperature at the 
surface Surface "'temperatures at 
Byrd and McMurdo stations also rose 
during ti^is period 



documen ted the 
much of the 



Others^ "hav^ 
temperature rise in 
Southern Hemisphe're and have 
SLfggested that, if 'the greenhouse 
effect of increasing atmospheric car- 
bon dioxide causes global warming, 
the trend probably will become 
appare^ first in Antarctica ^^ow- 
ever, at the Same time the P C rise 
occurred in Antarctica, the Northern 
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Through thejc^^-^rrrTcores obtained with this ng in McMurcio Sound are helping to clarify the glacial and gftotogic processes m 
Antarctipa-tSyer the past 60 million years , ^ . 



Hemisphere cooled. arfJ the Ross lee 
Shelf data alone do not confirm global 
warmmg 

Meteorology* contmued m 1976 as 
an important part of the U S Antarc- 
tic Research Program In addition to 
routme surface^ and upper • air 
monitonng at ^uth Pole and Mc- 
Murdo, research incfuded study of 
atmospheric . chemistry, energy 
transfer, precipitation from a 
cloudiest sky, 3lnd serosal forrffation^ 
South Pole IS one pf the six U 5, - 
operated stations for global monitor^ 
mg for climatic change These 
stations measi^re carbon dioxide, 
ozone, aerosol, ahd solar radiation 
leveU to identify long*^erm trends in 
thet concentratioq of atrpospheric 
constituents that may change climate 
To ej^ble collection of data away 
from stations, one of the arltarctic 
program's LC-J30 airplanes was 
fitted with air sampling ports, sen- 
sors, and a logging system In addi- 
tron, two air-droppable data- 



collection buoys were tested near 
McMurdo 

A' University of California grd%ip 
has obtained antarctic data that 
resolve apparent inconsistencies in 
models formulated to explain ac- 
cumulation in the sea of such 
pollutants as the polychlarinated^' 
bioj^l^ (PCS) PCS has been 
re^ffed in relatively high concentra- 
tion in seawater of the North- Atlantic 
and in v4rtually every marine * 
organism examined from all areas 
except Antarctica, despite exhaustive 
analysis of antarctic ^mplps PDT, , 
Ijowever, was present in the antarctjc 
samples The models attribute entr^ 
into the se^ alrljost entirely to 
atmospheric transport?, ^r^d' it 
appeared V that. DDT was reaching 
AntarctKaVthrough the atmosphere"' 
while PCB was' not , ^ . 

In a new^ attempt to determine if 
PCB was present m antarctic snow, 
larger samples than those previously 
examined were obtained by malting 



and extracting sriow m s\\u through 
polyu^etha^^e^^mft^^lumns Samples 
of 100 kilograms* \r more were 
processed, permitting, detection of 
PCB in the parts per quadrillion 
Vange PCB was thereby shown to 
reach An^arctic^ through the at- 
mosphere, although concentrations 
were several times lower' than those 
of DDT 

Penguin eggs, including , some 
collected several years previously in 
which PCB hard not been detected^ 
were also reexamined using a tech- 
nique that removed compounds in- 
ter£ering with analysis for PCB. PCB 
was detected in all the eggs. AlJ data 
now are consistent with a model of 
global atmospheric transport of DDT 
aiHi.^B 

The IJhited States, Japan, and New 
Zealand completed a 5-year drilling 
project in the McMurdo Sound* region 
in 1976 The project resulted in 
recovery of rock and* sediment cor^s 
fn)m the deepest holes ever drilled on 
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the continent and was the finst to use 
sea ice as a drilling platform Scien- 
tists at laborrft'ones in the three 
participating nations are analyzing 
the several hundred meters of ^ 
recovered core Preliminary analysis 
has clarified the glacial and geological 
history of the region during the 
Cenozoic era Permafrost was found 
to be over 400 meters deep at 
McMurdo Station, far deeper than 
previously estimated, this finding 
negates a possibility suggested earlier 
to heat and power the station 
geothermally Holes drilled through 
the ice-ffee valleys olP southern , 
Victoria Land revealed active ground- 
water systems, which have a signifi- 
cant role in heat and water' transfer 
in the area 

The Coast Guard icebreaker QJauer 
entered the VVeddeH'5e^ (ad)acen^ to - 
Antarctica in th^ Atkntic se^cton) to 
Continue a pfiysical oceanographic 
study begun in the late IPbO's Two 
bottom-mounted turrent meters^ 
emplaced in were recovered, the 

year's data show that northward flow 
of Antarctic Bottom Water formed in 
'the Weddell Sea is concentrated on 
the western side and modulated By 
tidsl. currents This dense, nutfient- 
nch water mass can be traced into the 
Northern Hemisphere The ship 
occupied 55 hydrographic btatic^n^, as 
fap*" south ab t>7''45' S latitude 
§alinity-temperature-depth ^nd 
conduclivitv-tempercfture-depfh re- 
corders were deployed, and water and 
krill samples were taken for heavy 
*metal analysis A Scripps In-.titution* 
of Oceanographv ^^cientist headed the 
research team 

The ice-streng^hened research ship 
Ua^ Onada^ operated by Argentina 
^ and ustd cooperatively by "Argentine 
and U S scientists,, made three 
cruises in fisccl year 1Q7d Research 
' was pcrj^^ed in the Sccffia Sea to 
trace i^Ture /one tr^xids and m- 
vestj^^ aseismu ridges in the se^ 
^Jj^j^to obtain sediment tore^. and to 
investigate the occMnic p^)LVr front 
*^one Also. U S biologists v^rked 



aboard the FrWich antarctic research 
ship Man'oTi Dufresne to extend primary 
productivity ^tudies into the southern 
Indian Oc^*n ' ^ 

Of the foUr U S antarctic research 
stations, three — McMurdo, South 
Pole.* and Palmer — operated 
thiHDpghout fiscal year. 1^76 A»case of 
hepatitis in December 1975 forced 
evacuation ' aixi closyre of the 
fourth-— 5iple Station—for the 1976 
austral winter The station, which 
supports projects in - upper* at- 
mosphere physics and is imporl^it to, 
the 19 7 6- 7^ International 
Mai^etospheric Study, was reoc- 
cupied in late 1976^ ^ 

Dugng the ^ 1975^1976 ^ustral 
summer, a major project was repair 
and, retrieval 6f three LC-130 (ski- 



equipped transport) airplanes 'dam- 
aged in 1975 at a remote research 
project site in East Antarctica. N^vy- 
led teams made field repairs4o'two of 
the three planes and flew them out of 
the continent for completion of 'the 
repairs The third plane was repaired 
at the crash ^ite in the 1976-1977 
season This diversion effort-and 
funds, plus the shortage of airplanes, 
resulted in fiscal .year 1976 deploy- 
ment to^Antarctica of only some 130 
researc+iers— half' the normal 
summer's number. 

A Presidential decision in February 
1976 reaffirmed the US commit- 
ment to antarctic research and con- 
solidated all funding for .the United 
States Antarctic Research Program at 
the Foundation • 



Arctic Research 



U S- and Canadian investigators 
completed a 14-month stut^ly' in ,May 
lP7b of htvw air. ice. and sea interact 
in the Arctic Ocean* Four manned 
camps on sea ice. -eight ^unmanned 
data-colleltion buoys interrogated by 
satellite, remote-sensing airplanes, 
and a nuclear submarine collected 
data in a large area oOQ kilometers 
nc^rlheast of Barrow, Alaska The 
breakup of sea ice in, October 1^73 
forced abandonment of the main 
camp, but all majc^ goals of the 
e\per»iment were aTcompli^hed 
Analys.s'of the data is in prc^gress arrd 
IS expected to "give the best defcrip- 
tu^n to date of the behaviorof sea ice 
in response to atmospheric and 
oceanic processes The experiment 
culminated 5 years of planning and 
pilot studies Objectives are to un- 
derstand I the relationship of arctic 
pfocesbcs to climate and to improve 
le^hnic^ues of ice forecasting ^ The 
University of Washington. Seattle, is 
coordinating the project under con- 
tra(.t*with NSF 



The second year of the Researc)^ on 
Arctic Tundra Environments project 
ct)mpr4sed 17 tea/ns involving some 
45 Scientists from 15 universities 
The work was conducted at "two sites 
on the* North Slope of ^Alaska. 
Terrestrial studies v^re done , at 
Meade River to characterize the land 
forms and vegetational tommuiVftieS, 
irfieasure ^he physiological response of 
^plants to. physical conditions, ' and 
assess the effect of, grazers on 
vegetation. Mapping of soil ancf 
vegetation is complVled. experime>its 
OR grazing effects *Xre in progress 
quatic studies at Toolik Lake, near 
trans-Alaska pi/eline route, have 
qiftUTtified the bi^logic^^^ structure 
and tropliiL k ? ttCTdeveloped a iliodel 
of biological productivity, yielded cfeta 
fln environnl,ental and recreational 
stresses, ^md developed mathematical 
models for predicting biological con- 
sequences of various disturbances 
The Cold Regions Research and 
Engineering Laboratory, Hanover, 
N H . IS the coordinating office 
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Geophysicists from St Louis Uni- 
versity, working with scientists from 
Poland, West Germany, and Norway, 
set up portable seismic stations, on 
Svalbard during thre^omhier of 197t? 
Earthquake,epicenters*s«fij;e located 
and 'analyzed to help determine the 
present 'tectonic activity of this area 
of the arctic continental jjhelf^ The 
group set off large explosions and 
measured the sound waves at dis- 
tances of 100 and 200 kilometers as 
they passed through the deep crust of 
the Earth .bt-ne^th Svalbard These 
data will help to deterfnme 
structure and composition * 

The Foundation published a com- 
prehensive statement of federally 
supported p^i^tic research performed 
in fiscal \^7o, it is available from thtf 
Oivision of Polar FVograms 
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North Slope. At Meade River, Alaska, researchers continue studies of the impacts of 
grazing and othe'r ecological stresses oVi the fragile tyndra environment 




AiDJEX. This mam camp was one of four panned installations establisTied on the sea ice 600 kilometers northeast of Barrow, 
-^laska, for a study of air/itfe/sea interactions and possible effects on climate in the arctic (Photo by Norbert Untersteiner ) 



6[; 



. BIOLOGICAL, BEHAVIOPAL. AND SOCIAL SCIENCES 55 



Biological, Betiavioral, and Social 
Sciences 




Alifcrganization of the Founda- 
tion in July 1975 resulted in- 
Ithe Setting up of the 
Biological, Behavioral, and Soda! 
Sciences progra%is as a separate 
TidministratiVe entity within NSF 
Research in these prog rai^^ ranges 
from studres on the fundf mental 
molecules of life to the complex 
« interactions of human beings apd 
societal organizations, collectively,^nd 
indfvidually. the research deals with 
SQme of (today's ma)or scientific 
challenges and rewarding discoveries 
Although the Nttion has n^ade 
remarkable advances toward allevi- 
afmg^-the presj^mg problems of food, 
population, health, energy, and en- 
vironment, many of the longer term 
solutions will be fgund within the 
constraints of new biological knowl- 
edge and the limi^ of our understand- 
ing of humankind The probje-ms in 
biologtc;.al, behavioral, and social 
sciences are attracting considerable 
intellectual talent and effort, the 
results "of this research will be ripe 
for exploitation over the next several 
decades. In furthering basic knowl- 
edge in these important fields, it is 
our expectation that the Nation's 
research capabilities on natural and 
social phenomena will be strength- 
ened m a significant mai;iner 

This is perhaps best illustrated in 
those areas in which the Foundation 
assumes equal or "le^d" agency-status 
in Contributing h) the Federal efforts 
in support of basic 'academic research 
In the*social sciences NSF provides 58 



percent of the Federal support to 
universities, ranging from' 36^ percent 
m economic? to 93 percent in political 
Science Approximately 70 percent of 
-the basic research in ecology is 
supported by NSF, and in systematic 
biology the Foundation is. the primary 
source of support for academic 
research 

NSF's reorganization in early fiscal 
year 1976 brought with" it new 
recognition of \he f oundartlon's 
responsibilities in the behavioral and 
neural sciences. Neuroscience is 
aJnong the , fastest growing of the 
science^ attracting increasing 
numbers of young scientists as well 

^ as established ones who are changing 
fields to undertake the challenge of 
understandmg how the nervous, 
system and brain function Also, 

-because ba$ic research in the psy- 
' chological science^s' anthropology, and 
linguistics has received diminished 



Federal support in recent years from 
other agencies, the Foundation's 
responsibility has increased 'consot 
nant with new scientific oppor- 
tunities^ in these ajeas. 

The Foundation also has taken, gn 
greater responsibility in the plant 
sciences^ research effort df immense 
impftrtaVice to the world's food prob- 
lems Although support for this work 
ha^ grown ' to approximately one- 
third of that available in NSF's basicS^ 
research/ m the biological sciences, 
with somewhat larger amounts 
ava^ble from other agencies, there 
are still many promising areas of' 
research going unexplored These 
opportunities arise from new tech- 
niques' for manipulating plant cells 
experijnentally and recent instrumen- 
ta^on that ^llows plant processes to 
be' quantified more accurately and 
rtipidly*in both laboratory and field 
situations.. 



* Table 4 
BioloficaL Behivionl. and Social Scitnp«s 
fiscal Years 1974. 1975. 1976 • 
ind Transition Quartar (July 1-Sept. 1976X 

{Dollartii Millioni) 
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Eiscal Yelr 1974 




FtsctI year 1976 


Trins^on Qurttr 




Number 


Amount 


Numbtr 


Amount 


NOmber 


Amount 


Number Amount 


^iuokoff, Celhilsr and 

MoleculirBiotocy 
B«hiv|p|^ Neurti Sc«ncet 
EnVirwmemil Biolocy 
Soci«i Sc«nc«s 


994 
468 

'^398- 
405 


$3685 

1&23 . 
21 7« 
1881 


1.006^'* 
S47 
487 . 

1259 


$ 

1850 
2605 ^ 
17 75 


1.053 
539 
534 
364 


$ 4369 
1969 
• 2684 
'l881 


279 $1200 
^. 140 5 47 
1^ 7 15 
100 5 11 


Tout 


2.215 


$>2 i7 


2.3H 


$104 17 


2.490 . 


$10903 


(75 $29 73 
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Physiology, Cellular, and Molecular. Biology 



Research supported the 
physiology, cellular, and molecular 
biology program* is concerned with 
'fundamental phenomena central to all 
Biological research cellular awtJ* sub- 
cellular activities that affect/activities 
and functions of ap entire plant or 
animal It has betome I apparent 
during that wejir^^nt^ing an 

'era in which ^^le'discovenes aod- 
concepts of the past are being extend- 
*ed to explain phienomena at higher 
levels of complexity namely, from 
cells and cell systems to higher 
organisms, including man Re- 
searchers m this area currently are 
vexperiencing the excitement of dis- 
covery and an mformation explosion 
^ L'oit V parable te> those that launched 
the "new *biology" more than two 
decades ago 

The current concentration of 
research at higher levels of cbmplexi- 
*fy IS due to a number factors To a 
greater extent than ever before basic 
researchers are directing their efforts 
to challenges that have obvious 
relevance to problems of health and 
agriculture Disciplinary boun^iaries 
in biology have virtually disapfpeared, 
and m'uch of today's research is 
problem-oriented, approached -m\i\\ 
multidisciplinary methodokigies Ma- 
jor 'factors that have caiapul^ed 
biological research with complex 
systems ^to new levels of sophistica- 
tion are the development and adaptd- ^ 
tion of advanced instrumentation and 
refinements in technique For in- 
stance, a variety of cell types now can 
be^l?^h^alned undeK laboratory con- 
ditions in which they can grow, 
divide, and 'be experimentally 
manipijlated With the ^ use of • 
biochemical, biophysical, genetic, and 
physiological methodologies, t^h^ 
dynamic processes of - these cells- 
such as cellular division, growth, 
differentiation, specialized functions. 



movement, and communication — can 
now be analyzed quantitatively Also, 
with new unfierstanding of viruses 
that infect higher i>J^nt and animal 
cells,' refearchers Can now use these 
viruses as probes withm cells to 
modify specific cell functions in 
controlled ways— for insta^nce, to 
alter, initiate, and inhibit certain cell 
processes 

Ne^ techniques have been 
developed for isolating and analyzing 
subcellular structures such ^ as 
ribosom^s, mitocKond ria, and 
chloroplasts* These struc*tures, as 
well as chromosomes and othec- 
aggregates *of complex biopotymers, 
can be studied to determine the 
relationship of their molecular struc- 
ture and organization to their func- 
,tional properties- This type of 
anal^,sis is at an eafly stage but is 
attracting sufficient attervtion so^that 
rapid progress can be anticipated in 
unders^nding many phenomena for 
|xample, how enzymes effect * 
catalysis, htilv genes are turnecf "on" 
and "off^ the rationale of the genetic 
code and the spatial arrangement of 
genes on chromosomes, the act^iti^s 
of the ribosomal machinery during 
protein synthesis, and the intricacies 
of energy transduction m chloroplasts ' 
and mit<>chi)ndria 

Ma^or technical adv,ances that mi^ 
be expected to have a marked .effgct 
on the direction and r^te of progress 
in biological research include, thf 
development of methodologies that 
permit the analysis and exp'trimental 
'manipulation of genetic mater\j 
Foremost of these advances is the/' 
discpvery of the mode o^- action Q|f 
restriction enzymes and subs4* 
qiient use of this knowledge for 
mapping the genetic material at the ^ 
nucleotide level For example, hybrid ' 
DNA molecules can be propagated \n 
v\[ro and then transpcJied \p a host cell 



The cleavage of DNA by restriction 
enzymes coupled vi^ithtechniques such 
as gel electrophoresis, filter 
hybridization, and uSe of the electron 
microscope for visualizing individual 
DNA molecules provide a -new *level 
of analytical reagiving power -'for 
biological problems that previously 
could not be attacked In theory, it is 
now possible to an'alyz%genetically at 
the fnolecular level any animal, plant, 
or virus, including those that are not 
, amenable to genetic ana^^is. by 
traditional methods Individ^argene^ 
and the elements that control their 
, activity and their procN|^s can^e 
isolated and studied with^^pect to 
structure and function This new 
approach for studying intracellular 
regulation m higher organisms is 
particularly significant • because this 
fias been a relatively int;ractable area 



ben* Structure and Function 

One of the most lexciting '^and. 
rapidly moving areas of basic research 
in modern biology is the study of the 
relationships between the structure 
and function of genes— in organisms 
as primitive as bacteria to those as 
complicated as mfcn Such research 
crosses the bourJaries of genetics,^ 
htnrh pr|i^t;^rv.^a rtd%iolecular. cell, and 
developmental • biojogy, thereby 
representing an interdisciplmaty ap- 
proach that uses the most powerful 
tools of each disciplipe^ 

The theoretical and practicJ^cor- 
Aerstones of this research rely on the 
fa\^hat restriction enzymes are 
available which ca/ break two DNA 
molec^uies from /different biological 
origins so that/they can subsequently 
be spliced toother to make a hybrid 
or chimerK mbkcule By the addition 
of specMl enzymes called polymerases 
and>4gases, the hybrid molecule, 
corytai£\n^the particular genes under, 
inj^estigation plus those genes that 
aMov^ replication to occur, becorpe 
'lologically inseparable 

The"^, Foundation is supporting im-*' 
portant basic rrtearch dealing with 
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CHROMOSOME 





BACTERillM 

' Gene isol^ion and ampMf ioatto^ A new researchlechfuque of immense potential for 
* understanding the details- of how genes function makes use o* restrictioh enzymes 
There^xist m certam bacteria snfiall riri^s p*-SNA carrying a few genes separate from 
the OTdena's t:hromosorB€s " These rings, 'or plaspiids. e^n be broken by the 



restriction enz^e^.as can DNA from an animal cell When mixed, parts of these two 
different krrids^ pNA can be (ecombined into a new plaemid. which cah then by 
introctuced to the bacterium and reproduced in'^reat numbers tor j^her. study 



the the<ffy ^ and practice of gene 
•isolation and amplification, the ability • 
to make',iT>ultiple »jjene cppies The 
results and Senefifs-** from this 
research should be both , irrimediate 
,and fdr-reachmg, rncFuding a fifn- 
damental , understanding _of how 
^^enes *re'expr|p9ed and controlled to, 
how thefy replicate <nSd fecomb'ine . 

• A r^eprch team 'at the Univerv 
siiy of Cjjyutor^,, San *Diego, is 
^udying^tbjp 0^chanism by 
, which certain gene^ can control^ 
/ , the' (fxation- of <Urnosphe(ric 



rqr( 



:orms on our 



carfcon dioxide m plants,^ a 
phys^ogical stt<^ess fundamen- 
tal' to all 
planet. , 

At Harvard University, a ^otip^ 
IS pursuijig the genes responsi- 
ble for ^ nitrogen fixation by 
fecial bacteria which '^re jit- 
tached l^^the K>ots of fegumes 
such a^' soybeans, peanuts, and 
^peas and which are resppnsjble 
for 'the* primary Source of 
organic nitrogen necessary ^or 
growt+\ of food crops ' 



i 



• A-s^econa Harvard group is. 

, examining how ^enes for-^he * 
nuchfric acidV^ircoreponent of 
r]Jbpsome§ are dtntrdlled These 

, .ire'^genes that ultimately affect 
the plienotyp* of an organism 
by influencing the" types of"**^ 
jyoteins that the cell 'produ< 
and ^heir rates of syoi thesis 

• Genes isblated^ froip the 
fly, Drosophila. in a Stan 
Uni\^sit^ laboratory ^re being 
'used iiS^ moSel system to study 
how repetitive sequences m the 
histion^ ^enes affect the wa>^ f 
genes act ajpd are controlled 

^ , under horjnonal influence 

• A University of Califopnia, San 
Ffancisco', team is studying the 
topological organizatipn of mul- - 

<p tipje , copies of mitochondrial i 
genes, while another group 'at 
th^Universi'ty of Iowa is inr 
vestigating the mechanisms, by * 

^ * which^ these genes orchestrate 
mitochondrial protein, synthesis ' 

V Since mitochondria are the ^ 
po^verhouses of a cell, the fun-^ - 
damental (^^differences between 
.the organization of cellular and 
of mitochondrial genes must be - 
explored to elucidat/e thcv^frioW . 
ways m which iniMpKional 
* potential is iinally expressed 

•^^Hemoglobin is an essential c&m-^ 
'^^ .^on?nt of blood in that it carries 
€)xygen to all vital tissues and 
organK/ A Harvard University' 

• ^"labs^fatory is examining -how 

rabbn globm' genes ^ffect 
' hemoglqWrr^synthesis .by study- 
ing bo'th the regulatory gene ' 
sequences- 4^ the mechanisms 
by which thes^ genes are /- 
transcribed A research team at^ 
Yale University is studying both 
the * norpial' -and thalassemia 
% gfobin * genes * from human 
beiogs In'addition to clarifying 
the* methods by whicH norm^ 
genes act and are controlled, tlijg^ 
study also has provided a com- 
- 'parative analysis of an abnormal 
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counterpart of 
hemogloDin gen^ 



the ■ human 



Various stages of gene amplffica- 
tion have been accomplished m each 
of these systems ^ Research made 
possible by thjs amplification is, in 
most cases, )ust beginning However, 
af least two of the studies already 
have produced important results The 
' Harvard group, which is studying 
genes responsible for. nitf^en fixa- 
tion, has taken a first step -toward 
■ "givmg nonlegumin*bus plants the 
biological L«pa'cfty for nitrogen fixa- 
''tion *This group has made two 
important fecent advances First, the 
t^actenal replication vehicle, to which 
. the two groups of nitrogen-fixation 
genes have been joined, has bean 
" shown toisurvive tmn'Bfer to plant 
cells ^ Second, tvvo mdepei\dent 
replication vehicles have / been ci^n- 
structed, eaC^ containing a bloc of the 
^ nitrogen-fixati6n gen^s One of these 
hybrid ui^^ has been cloned, the 
' ' other jwiU be cloned shortly The next 
step IS 'to select a recombinant 
replication Vehicle containing both 
- 1^^^ .nitrt)gen-fixation genes to 
^^tempt insertion ft to plant cells The 
Stanford Universit)^ group, studying 
. ^he histone genes'from Drdso^lula. has 
isolated the hibfone messenger RNA^ 
arhi has determined the length of the 
messenger and the way in which it is 
• 'processed by\he celTto^unit size This 
IS accor^lished by the formation of 
sj^cial loops between the histone 



as weH as the gene itself. After its 
synthes'is j^m nucleotide units and ^ 
developriWl * into .short single- 
stMnded njiins, the complete struc- 
ture was introduced into a bacterial 
Strain that previously lacked this 
function The result was a complete 
restoration of normal function to the 
bacterial^ cell . 




1^ 

Ifoc 



Advances in.^hotosynthesis 

^ Our ability to produce adequate 
foodstuffs for future generations wiU- 
be linked, in part, to our ability to 
increase croj^ produf tivity, som'e 
technologies for increased productivi- 
ty of agricultural crops ^iepend, in 
turn, on a basic undersflnding of 
plants One of the most important 
aspects of plant science is the process 
of photosynthesis, whejKin ^ solar 
energy converts carbonl^Mlide in the^ 
plants nnto biochemicals necessaryfor 
jjiant growth 

NSF-suppt>rted research in t>is 
arel^has Jealt-wKth various aspects of- 
photosynthesis, from the' caplfure of 
photons (sunlight energy) by 
chlorophyll to the synthesrs of chainrs- 
of carboriatoms, *and ^inclu3ing the^ 
actions an^j^ntrol of genes, involvea 
in the pr^^b Researchers 5t the 
Univetbities of Rochester and Califor- 
nia, Berkeley, have been studyirt^^the 
way in which light energy is "cap- 
tured" by chlorophyll molecules and 
funneled to . the* '^reaction centers,'' 



gene DNA and "the messenger RNA ^ discrete 'complexes of chlorophyll and 



reaction centers, ithe 
"transferred" through 
Sequence of ^'acceptors" fbr e\}entual 
use in the m^nufactdVe of <j^- 
bohydfate Nuiyierous proteins, <5ften 
associated with the plant tnembranies, 
r^pif6lved m this electron tr£\,nsport 
"^cesS,' which* IS coupled to the 
oduchon of high-energy com- 
pounds necessary for driving fun- 
damental biochemical reactions* in the 
plant Of particu^;^ interest among 
the many 'research project^ on this 
^elecfron transpoxtarui prciductiofi of 
bigh-energy compounai> Tb work at 
Purdue on the basic interpretation of 
light-induced potentials in 
photosynthetic membranes and the 
^ questioi^ of whether h^drogfen ion 
gradients are cStipled to active 
transport processes 

A flew technology based on a' 
ph^Qflectron -microscope developed 
at the Uniyersity of Oregon and the 
Oregon Graduate Center will enable 
scientists to study chlorcfphyll and 
oiher " pigment complexes in the 
photosynthetic membranes of l^arrt 
chloroplastsi This microscope showrs 
images of electrons selectively ejkted 
from the chlorophyll by a las^rl^eam. 
With specific lateral^rtd depth resolu- 
- tioh. It will be goesible tq detej^ine 
.the .location ancT concentration of the 
pigment within the membranes This 
technique has' the potential to yiel^ 
further information on the pathways 
of electron flow during p hotos ynthe 

SIS o 



that IS transcribed ^nd processed 
from It 

A -very different approach toward 
thl^ goal of understanding* gene 
struyur^ and function aUo has been 
undpr way fcJr the past -decade At th^ 



other molecules, where the ac^uaJ 
^ansformation of Itght to ^electncTal 
enefgy occurs Considerable progress 
has be^^ made at the University ^f 
Washington, University of California, 
San Diego, Lfniversity of -^Penn- 



; photos y 

A^JpcQs in Nitrogen 



Fi)^ation 



A research area spanping the whole 
spectrun)* 'of NSfts tphysiok}|y/ 



undf r way tar tne past-aecaae mint- Dan i^iego, uiuvci^uy »ji ■ i cum . -r--^ 1 ^ ' 

Massachusetts ''Lnsfitute of Tech- * sylvama, and City. University qf New . cellular, Und molecular biology pro 



^'nology a gene, thdt codes for* a • 
suppressor transfer RNA for the 
amino acid tyrosine has been syn- 
thesized with- "of f-the-sheFf" 
chemicals The. research team has 
shown unequivocally that the 
unit polynucleotide consists of botlf 
tfie start-and-stop portion of the gene 



'York in clarif'yinj^' the pw*ocess. of, 
energy 'trarfrduction in the reaction 
centers of plants ancf photosynthetic 
bacteria m terms of time sequence 
and >^e nature (^f the ^molecules 
involwd • , ' 

After the electrofr*' has' been 
s^|rated^ron;i the chlofo'phylhn the 



gram ^ cbncerns the process' of 
nitrgjgen fixation by rhizobia, the ^ 
particular bacteria on roots <5f 
leguminous pfants'ln addition to the 
genetic work mentmned previously, 
pro^Vess is bein| made in numeVous 
other aspec» of W^e, pftocess vBjsic 
wo^k. *a^ "^Stanford .on the. iron-- 
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molybdenum protein of the complex 
enzyme, mtrogenasej that catal,;J^zfes 
the reduction of nitrogen, has pro- 
vided new informatioR^on the 
chemical state ai^d envirojrment of 
the molybdenunf atom Similarly, 
investigation^^ flf Wisconsin^ and 
Minnesota have (tirther illumii^ated 
,the chemical state and environment 
' of the iron atcwt?-in both th^ iron and 
iron-moIybdenum proteins In addi- 
tidn to this work on the catalytic site, 
scientists at Wisconsin and Purdue 
have characterized Further the sj^- 
unit structure of the enzyme, as well 
as the nature and regulation of the 
* metabolic pathway m nitrogen fixa- 
tion " 



The question of how rhizobia are 
attracted to the, roots of legumes 
whwre nitrogen-fjxing nodules are 
formed 'IS a crucial facet t)f the who!?' 
process, an example of the general 
area of investigation involving 
chemical specificity Work being con- 
ducte(l"Tlt Colorado, Montana State, 
and the University of Minnesota \s in 
the process of elucidating this topi« 
Various aspects of work at the 
molecular and submolecular level are 
enabling enzymologists, geneticisf^, 
bio^ngineers, and crop specialists to 
determine life processes of plants and 



munications developed with chim- 
T^aTTzees inave proved ^ valuable for 
training language-deficient children! 
Also, parallel findings m research 
with children and chimpanzees shgw^ 
that the processes of language 
development can now.fpr the first 
time* be sfudjed unde^ scientifically 
controlled conditions One such find- 
ing shows that concepts in both 
children and chimpanzees develop 
before language labels are attached to . 
them This implies that early 
language development is not simply a 
iWftter of imitating adult language 



Behavioral and Neural Sciences 



, The behavioral and neural, sciences^ 
coVitmue to be among the most 
rapidly developing a^^as of *cie^nce 
During* the p5st year the behavioral 
^and Yieural sciences • programs wgre 
reorga^ilzed witjjin the' Foundation to 



methods of technology, including 
autoradiographic and enzynie tracer 
technique! to delineate nerv^ 
'pathways and the use of computer 
technology for three-dimensional 
reconstruction of neuroys ^ and 
focus research oiV human and animal /^^sw^tomical relationships of erUire 

r n^r> 



^behiiviof and t+ie orgaij^ysteffv that^ nervous systems' of small o^ganlsms, 
direttfy -underlies behavlor'^the ner- 
v<fus sterq , 

• One of'thft most important recent 
fir^ings m the neuroscienc^es is the 
demonstration of "sprouting" or 
* ^ro^th^of nerve ,ajcons frorg an aduU 
animal in viiro (oufs^e'the organism), 

indicating a much greater capacity for^iirfant animals, there is much 
growth and change* in, the nervous denqe that the oervous systems 
sySterrTthan was thought prai^ously 
^to be ^ the casfe ^her important 
findings mclu^e the icie^tification of a 
/mmber of previously* unknown 
' chemical i^eurotransmitters responsi- 
ble for exci-tation or inhibition of 
newronS m the bra^n U^ing simple 



invertebrate,^ animals; f^seacchers^ area in which work v^ith animals has 
Kavje^sKown that the learning process begun to improve our capabilities for 

dealing with human problems js that 
of language learning by chhmp«j^ees 
procedures ' in <eon^- 



.results 4rom changes in synaptic, 
transmission at critical )unctrons 4n 
the brain's neural circuit New 



animals— and ultimately to provi4e but requires' the prior maturation of 
knowledge that will assist ,in in- 'cognitive functioning An offshoot of 
creasing plant productivity teaching sign Unguage to,>*!fcrt« 

panzees is a new interest by linguists 

, in the use of sign ta^nguage ky deaj 

people 

Research on cognitive processed 
(sometimes called "higher mer)tal' 
processes") has created a great deal of . 
excitement m the past year One 
approach, called information prbce'ss- 
Mg, analyzes complex ,ment«il 
operations itito kinctional ^sub- 
processes These subproce.sses, bear- 
ing a variety of technical- names, 
allow important distinctions to *be' 
made v^en disease or other factor's 
interfere with hum^n learning, 
memory, -or thought To focus most 
' effectively ^on current and expected 
advances in this arecf, ^ new N6F' 
program^ memory and^ cognitive 
processes, vya$ formed during fiscal 
year ^976 ' 

A second new program, sensory^ 
physiology and perception, v^s es- 
tablished, formally to be responsive to 
the rapid developments occurring in 
research on all sensory systems 
involved in receiving information 
• 'from the environfnent — especially 
vision and heading Knowledge of ^he 
fundamental nature of hearing, for 
example,'* has be^n advanced 
significantly throug*h recent research 
in microanatomy, elect r^physiology, 
and 'hflma n and animal psy-' 
chophysics A particularly important 
research area deals M/ith a'^type of 



have provided increased opportunities 
to understand the^fine structure atTd 
function of the brain 

UnderstaPiding the deve^opmeat of 
the braj^arjd of hurnan behavior i^a 
key 'ob)ecti\{e of the behavioral afl 
neural sciences Rrom studied* with 

e vi- 
and 

h^nce^'the behavior— of animals pay 
be affected pecmanently by environ- 
nrient^P events' during criticaJ periods 
of ' early life • research may 

provide^ (he basismr understanding 
the^eNpcts oP.early deprivation in the 
livesSof children Another research 
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ig loss, called •presby.cusis, that 
accompanies aging 

Knowledge of cultural ji^eoomena 
also has advanced signif»cantfy m the 
past* year \s an^xample, large-scale 
research cpncerti'ing unbiased 
evaluations of social, programs is 

rnj^r 



the^e fields^ Initiatives I'n response -to 
the recommendation are uncier way 

' «Ada|itabitify of the Braht 

* Plasticity or adaptability's the most 
salu^ 
brain 



nt^aractecistic of the brain; the 
I's allaptabllity expresses itself in 
central' Nervous system 



lem of how the brain is so marvelous- 
ly fle:i^bfe; and various approaches 
have been taken to study thisi)lastici- 
ty^ This flexibility is' ejkpecially 
pronounced, during eart-^^velop- 
ment, and increasing attention to how 
the brain changes during this period 
has been particularly fr;iithil Newer 
bindings suggest the' flexibility per-, 
sists at older ages 
, , Gary S. Lync-h of the University of 



s^uch recovery IS the case of*a young'i California, Irvine, has successfully 
American soldier in .the^ Korean used a humb^Tfof biological tech- 



beginning to produce im^rtartt 

— Fwoilts^-ipurces of bias in the earl^ ' ^^^^^^ , , 

^Xr^f such national prdgrams ^>per^tions, but especial y ^n,'r,ecovery 

as Head Start have been 'identified from damage A dramatic example of 
and corrected, with' thre resulfing 

'reanalvsis showing more iseneficial - ■ - i«f«^f nrrvpccpc^ hv 

rr r i .L^^u (fimoaien. who sustained a massiVje niques to deteci^ the processes oy 

^'''^'..t!^':^:^:::^:^::: ■ iZ Voun^ .nvolvng • the - Mf,^2.K^y.e bram recovers af.eib.ing 

parieto-tempero-Otcipita! are^i/ Af^damage^. Lynch 'first showed that 

first 'he was totally %nat?le to speak,' ^axohal 'sprouting (nerve growth) 

but ih 3 months he was uSing^Wo- takes plaVe 4n the hippocampus part 

word sentences Ei^ht years later, he * of the ^dult'raf br^in in response to a 

had recovered fully and ^hibited^ lesion. He use4 both light fnd-'elec- 

normal speech Neuroscie^i^ists have trbn fnicroscopy to "may the extent 

long beefi concerned* with the prob-f of the sprouting and" used* biochemical' 



previously estimated In an(3gtheijaFea, 
social ptychologiotfi fPumUin' has 
focused on how jjprsons respond to* 
experience with events that are out 
of their ^ontrol The r^esuits indicate 
ihat^ such experiences can * cause 
- ipdividuals to b^conrce passive in the 
face of seemingly unfontl«^Uble, but 
later controllable, eventSr, Currjat 
efforts are focusing on hbw 
"learned helplessness" may be^^er- ^ 
come \ ' ' 

In 'the field of anthropology, 
research conducted by, U 5 scientists 
in Africa and Asia, has 'shown new 
evidence mdicating the origins of man 
a5 ^Arly as 3^^ million ye^Ts ago 
Archaeological re-search on 
agricultural technolo^jA^ su|i^sts 
that early irrigation iecTjniquer may 
have been mdre efficient than those 
m ase today Another investigation 
produced the interesting finding that 
even in prehistoric tim^s the concen- 
tration of mercury in Jish^ was well 
above^ the co^pcentration^ in' the 
surroun^ling jen^uironment 

During the year/NSF's programs in 
behavioral and neural sci^ces, 
together with .those of the socia^ 
sciences, were revievted by a special 
committee' of the Mitipnal ^^cademy 
of Sciences Posslbly,iVe most impor- 
tant general ' s^ycommegdation 
presented in the firfel report, Soaal and 
BfhaVioral Scien^^ m'^ the National Science 
•hundalwn, is the needfo^ laiTger scale 
research efforts '^fltan. hav^ been 
supported regularly m the 4'asf m 



HiPPOCAMPU^AND TYPICAL CELL 



0- 





Nerve growth In <hi bralp. The. hippocampus, a part of the brain implicated in 
emotion visceral activity, short-term memory, and other behavior, has recently been 
shown to "sprout" jiew nerve cells /n response tq injury An ^perimental technique 
has now been devised to study spfoutmg from norm^ hippoCTmpus tissue removed 
from the brain a srtep of great irmporlanc^^in unde/st^nding mectiaoisms underlying 
this neural plasticity * . 
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an<d eiectr,o|?hysiologicaI ^xperiBiejnts 
to verify thdit this new growth Was 
indeed functional These initial ex- 
periments were carried out \n j(in 
.the hving ^pecies) for^yeral years 
and 'clearly established sprouting 
t*he brain as « reproducible 
phenomenon 

« As •the research' progVessed, how- 
ever, it became clear that there were 
limitations to a strictly*»M vwo analysis 
For example, the sprouting is preced- 
ed by a tremendous .proliferation of 
ghaT cells (non-nerve^ cells in the 
^ain) in^"the r>egion into which the" 
rIeWes would later grow \n v\xo. it 
was impossible to determine the 
underlying molecular mechanisni? 
v^.Cpns I deration 5 of ^hfs sort.-led Lynch 

j^to develop a device where sprouting 
could be studied in n/rp cMJtside the 
organism, in a*much more controlled 
manner After **much difficultV^^this 
young investigator devised ci special^ 
chamber -tn which "slices" of^ the 
hippocampus could be maintained ^s ' 
normal (nonlesion^d^rain tissye He 
then developed additional new tech- 
niques, necessary to study, spr^oj^ing 
ip this chamber These i?iOfieenng 
fecKhiques have benefited many 
-'-ofhfer netirosc^ejQtists 

Lynch is *now^ searcKTf^^^ ^ ib^ 
5j>€cific substarfres \ tha^ ^underlie"* 
grouting ^ shces of brain tissue 
wjnere he can more easily detect and 
measure changes For ex'ample, -he iss 
determiming what materials ar^ 
released by^ the slices to triggef ^he 
proliferation of glial cells an^fJ if shots 
from norrpal hippo<;amp4[s release 

^materials .that - suppress* the glial 
prolifjeration-jOnce", these substances 
axe identified and charicterized. h^ 

'plans to reintroduce them, into the^# 

'wfcole aniii>al, to verify ''\Fieir' 
•molecular^actibns an^ determine their 
fch^vioral effects This work has 
provided scientists with ^ met^od^of • 
manipulating one form HM* neural 
plasticity ^ and pf underst^^nding it^ 
undep^ying molecular mecj^anisms 

^ ft hough Cynch's work has' had 
unusual impact upon the *heu- 



rosciences, his approach fs character- 
. istic of nlany superbly 'trained young 
neuroscientists In cai?trast to a 
decade ago when a neurostientist 
tended to be either a' jAeuroanatomist^ 



number and diameter of nerve fibers 
serving the auditory mechanisms as 
well as a parallel reduction in the 
number of receptor cells yowever, il 
is difficult »to obtain well preserved 



a neurbcherwistt a neuro|?hysiolog^st. ' hu^an material, ar^ the firtjserved 
neuropsychelogfst, today* n^o^ifications 5t»ay have bppn^pro- 



or a 

neuroscientists are oriented toward a 
g^iven problem and attempt to bring 
the full technological f*aage of 
modern biological rfiefhods derived 
from a number of disciplines to bear 
on-that* problem This approach more 
than any other single*factor underlies 
the success of Lynch's research pro- 
gram 

Hearihg Loss— Presbycusis ^ 

The hrearing* ability of hkmans af\d 
many'othef animals deteriorates with-' 
increasing age The loss of hearing, 
called presbycusis, Ts ^oVidespread in 
today's society that^e^serttially every 



woman eventually en- 



duced by some external*agent, it ^as, 
-desirable for Ades compare these 
results with those obtained oYi inner 
ears from aged nonhuman primates, 
preserved.under controlled laboratory 
conditions The early results of thes^ 
investigations confirm the fin<^ings m 
hu^nans ^ ' , 

Working in con) unction with the 
Yerkes^ Primate Center in Atlanta. 
Ga , Ades ^ and his associates dis- 
covered'Several anatonmcal changes fn 
aged priniales which may be relateA 
to the presbycusis phehomenon * Fofr 
example, abnorro^al changes w*e 
fdurud in the structure of the mem- 
brane b^ftween the sensory hair cfclls 
of th^ cochlea • (inner ear) and ihe 



^ouQters-.t. <Presbycift.s is typ*c3ljy ^(,^^^5 that ai* primarily responible 
■ liiore severe for min than women fcransm.Ming auditory mformation 

■and^t <»:.curs more rapidly at high ,0 ih< central nervous system These 
frequencies of so^nd than at low The ^^anges occur at the afferent synaptic 

junction and appear to be of stifficienf 



first, Recorded incidence .of 
,presby€uls is found in record| in- 



dfcdl^g - that' Egyptians susta*ined 
^ermanerft hearirvglpss centuries ago 
as a 'result* 6)f nIvift^*-N4Jong th^ 
^Cataracts of the Nit^. Wmle^any 
scientists have argued that ^specific 
ch^anges'in the auditery system are 
direQtly ca\ised^ or facjitated by a 
n^isy envirormient. it is not clear if 
the changes resul|i from exposure to 
noise or are due to general 
physiological* agmg 



magnitude to impede normal synaptic 
activity. * ^ 

* \ 

Va(4ous oth^r changes appear in 
the aged cochlea For.jn^tance, th^re 
1^ a formation of large vacuoles and a 
significant intracellular acciynulation 
of lipo-Vuscin ^a biochemical product* 
^ decoloration) irt the specific ^n- 
rtirvg Delters Wis 



sory and 
There i 
dev^ped 



Iso an abnormally 
rpinll^ structMr'e thdt 

Harlow' W A^cs of^^he School of , projects ft6m the ^cuticular plate 
ElectncarEngineering at the Univer- •^^x've the hair celf into. the receptor 
sity\6f Illinbis and^ his associates ^ ^^^^ V^elf -{Although this. struttuVe 
recently have docuhienf^. -''neutb- -rt^^V *be present m youQg animels,,!t 
anatomical changes jn the auditorV increases xf}^ size and length with 



system t^at apparently occur'^eoly m 
atidito^ m'echanisrn? of indlviduaRUjf 
advanced age They conducted 'posl 
mortem studies on the- vesfibular 



intreasjnj^ ^ag* ) Also; the number i?f 
macrophage cells m the inner e4r 



increases 



^nd'^ his associates are , m- 



sensory- e|pithelia and^^enciory necve^ vol4e8 in a continfimg effort primari 
fibers in elderly* humans and found a fy^ addressed to two questions (1) Are 
considerable reduction in both the the neuK)anatomK:al cKajiges ob- 
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/ V • ,^ * - , . , ■ ■ 

^s^ed jn aged cochlear and vestibular to noise-than "pristine" ears? . 
mechanisms similar to the neuro- From *he results of this research, 
anatomical effects caused ^ intense our knowledge of the aging 4)rocess 
noiSe? (U Are auditory mecha-^v and - the*^ effects 4>i nov&t ^od the 
nisms that have deteriorated because ' auditory^ system M^ill be- gr^atjy ex- 
of the aging process more susceptible pande4 ' * ^ ^ « 



Environmental Biology 



biflJggy 

y pro-' 



mi^at 
appea 



rates qf structural genes 
r^to^be lare^t/ independent of 
fates of evolution as; judged by 
anatomi(!al^ characteristics of the 
species For exaqpple, Wilson and his 
coworker-S ' h^ive evidence, that 
albumirt- has evolv^d^' at ^abqut the 

^ 9^me rate in * frogs and m'afljmals' 

ipfer gepeti( relationships from readi#- f Further, Cthey vf^ave ^compaxed^ 44 ^ 
ly discernible anatomical' similarities proteins of humafls and chimpanzees 
Since the i^SO's, however, knowledge . and found ^hem 99 percent iSeritical; 
of the molecular structure of proteins yet. from va traditional ^anatomical 
and of DNA (deoxyribose nucleic, basis the two pnmateApefifes are 
acid) ' m certain taxpnqrpic ' groups, classified in different f acme's . 

las made it Althou^li only- a few of the stVuc-. 

tural proteins have be^' compared, 



l^a)or parts of systematic b 
and ecology, the core discipli 
NSF's ' .environmental biology p 
grams,' have undergone profound 
transitions during re,cent years Until 
recently systemat^csi— the classkfica- 
tion of. plants and animals toin^jcate 
.na^ral* relationships— could only 



xpnomK 

parbicuJarly vertebra^^T ha 
possible to inquire directly about the 



similarities «or differences m the < 
molecular structure of organisms By 
'comparing sjmilar classes o'f ^^Eotein 
molecules. tiro t cah be isolated easily 
in reasonably pure form— blood 
proteins such as hemoglobin and 
*albumm^the' readily detected 
differences m the ^fmino acid se- 
quence \)f t^e molecules ' c^n» be 
attributed to differences in structural 
genes, that is,^ the DNA sequences 
thajL'code for these proteins 
• The hypothesis ^jnderlying studies 
of 'Alla'n^ Wilson and associates at 
^he ,jKljiMB^ityy of California, 
Berkele]W^<il|Ktttat careful examina- 
tion ot^wi^ products of specific 
structural gerwes from groups .that 
experiencllf cortra^ing rates ^of' 
organismal cKange would provide 
^iftformatiorf on the mutation rates of 
the genes end possibly on the rates of 
evolution m different species of 
organisms Bu4 contrary to expec- 
tations, th^ work suggests that the 



, the evidence suggests strofigly that 
the r^tes of DNA .'change in struc- 
tural genes have little :T«lMion to 
rates of -overall evolution-i of the 
species ?Kemselves Sinc^ tne slow 
rate pf change in the, DNA' of 
structur'al. genes appears not to 
explain organismal evojution, Wilson 
IS now testing the hypothesis that the 

• fiasis for adaptive evolution of 
organisms is primarily through the 
mutation rate of the' ^'regulatory 
genes"— <enes that control the ac-^ 
tivation t>f the straJctural gpnes 
Wilson argu&s that the mode of" 
action of regulatory genes known to 
function m 'bacterial ,^ystems vs^ill be 
applicable io^ higher organisms ^ 
Through their work, Wilson and his. 
^ow^rkeils have sharpened the focus 
of . mOleoj^r evolutioi€^ and have 
undertaken challenging studies' orf 
the evolutionary"' ^^gmficance ^_of 
'regulatory ^enes " This ambitioas 
project will provide definitive results 



only slowly, but the continued u46%f 
'Sequence methctfplogy is likely "to 
pi;ovide more accuratg information oft ^ 
divergence lineages, especially, in • 

- cases where the fossil record is ^dort 
Comrnunity ecology has con* ' 
stituted the intellectual core 'of the 
science of ecology since' its beginning 
early in this century. It is still 
thriving, asking new questions, delv- 
ing deeper into^ones long asked The ' 
nature of coadaptivel^nteractions 
between plants and the insects that , 
feed upon them, for example, has 
long piqued the interest of ecologists. 
On jthc basis of new knowledge, for- 
example, of tlje biochemical" identity 
of a vciriety of "secondary substances 

'that,pj4nts ar^ known to pro?||tt, 
jnore sophisticated ecological msi^fc , 
ar^'^' emerging. New techniques- of* 
microcheftiical aVialy^i^ are paving the 
way for the siudy of the population, 
genetic aspects of the relationships as ' , 
well 

r . DiUlng the jjast decade two dis- 
ciplinary offshoots of systematics and 
ecology have developed population 
biology and ecosystem science. 
' Various ' lines ^ of investigation' ^by 
cortimunify^, ecologists .and^ by 
systematists are coming *to focu^ 
more precisely, on^ multi^ifeted 
'analyses of tfae- biology ofMnatliral 
populabions ^he facets includel{)opu; 
lation genetics, behavior, and 
physiology;* as well as ecological 
relationships ^ ^ 

Ecosystem science, embodying art" 
approach that was evident ,early in^ 
the history of ecology, has made 
. substantial progress through the U S 
biom^ pi'ograms under the auspices 
of the .International Biological Pro- 

• gram (IbP) IBP completed^ its'e)(- 
ist«nce as a* for^nal ? organization ^ 
several years ago,, but the support ef 
some of these large iritegr/ted proj- 

' ects has continue(pDuring fiscal yeac 
1976 these biome projects, were m 
varying stage* completion, ^nd a 
second generation of integrated 
ecpsyste^ rq^earch "projects, smalleh 

• ih scalef w^s begun*— a mea^re^f tMe 
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inttia! p^grams' success In brge part 
the new studies extend and refine 
ipsights, information, and techm^es 
developed Jin the IBP-initiated pro)-*' 
ects" Tne taiga ecosystem -study m 
Alaska, a prime example, was foi>' 
mulated mainly by scientists who' , 
participated in the Tundra ^Biome 
project' 

Adaptatidns of Plant^^to ^ 
Extreme Enviroriments . 

Haloid Mo<fney of Stanford, Uni- 
versity and^Olle Bjorkman and Joseph • 
Berry of the Carnegie Institution of 
Washington are Jl^^ing to bridge the 
«gap / that exists between in- 
vestigations^ of fi^d ecology, whole 
^ -p|ant physiolog)|, and studies at the 

ceHj|^r.jf?J|ii^ubcellufer levels, f hey * 
C®~flRv9W*^"8 Uijc6ver» the adap- 
ttnisms that enable certain 
'^plants to tolerate, and \f\ some 
^ Cases ^ven thrive, m stress en- 
vironments that are lethal to plants in 
generajj Tor this prurpose they are 
cbmparirfg the ^rformance of pli^ts 
*' occupymg h^^^Hats that are extreme 
in orte respect or another j 

One 'such environment is the 
desert ^loor of Death Valley, Calif , 
0n^ of The hottest and most- ^]yd' 
environmefits on. Earth In sulmmer, 
y the plants mpst tolerate^emperatures 
/ that often reath or even exceed 50*^ C 
' . (122** T), while at the same t^me 

h^yng to cope with extremely dry air ^ 
%• (about 5 percent relative, humidity) 
a-nd very limited water supply PlarVts 
•^^ tha.t are actfve and able' to gfoW 
ui\^r these conditions must have 
^special Adaptations ta-resist thermal 
. and drought injury and at the sarpe 
ti^ie be able* to carry oit photosyn- 
• fhesis wifh-a high efficiency of water 
u$e -With the aid of a specially 
jjbqtiipped mobile iaborat(g.ry .and an 
^ experimental transplant garden/ these 
investigators are abfe to study** the 
prod/uctiv^ty and key, physiological 
ptocesses, syd) as photosynthesis, on 
* extreme desert plants in theipJiStive . 
sites ani also to compare them, with 



■ \ 




Transplant garden. Sbienjisls studying the tolerance of desert,plknls to the extreme 
envtrdnmenl ^Dealh Valley. Calif . are trying to learn mor^aboul the adaptive 
mechanisms tffllfen&ble plants to survive under such condilionWSuch researcti may 
be yseful 'in the development of new kinds of food crops that can be grown under 
desert conditions 



those of plants transplanted frotn 
contrasting climates such as cool 
oceanic habitats Further studies on 
these plants, grown. under a series of 
precisely, controlled environments in 
the Carnegie laboratory at Stanford, 
permit these workers tp separate the 
effects of Varfous stress factors, such 
as- high temperatures and severe 
drought, as welk a& to analyze the 
component^P^OwtTi processes and the 
properties" of cellulai- compoilents 
such as chloroplast membranes, and 
enzymes^ 

. The research reveals striking 
differences among higl^r plantf vVith 
regard to tbeir capa^es to utilize 
wSter, photo synthesize, grow, and 
stVvive Prqbably the most spec- 
tacular exanvple is Tnlestromia 
ohldngifolta, native to the flQor of 
Death ^Valley This remarkable plant 
has iit-s peak* activity/with* very rapid 
grcfi^th, during ^the hottest part *of 
the year, but is dormant during the 
mild winter and-tpring The optimum 
r3*e of* photosyfithesis and growth 



occurs at about 46° C (115° F), and its 
productivity exceeds that of most 
plants on Earth even in lush climates 
with moderate temperatures arid 
an^ple water supply The abihty- of 
Jidestfomia and- sev^fa) other hot 
desert plants,^uch as the cre*osote 
tush, Larrea divaricata. ^ to endure 
ex.treme heat which is- lethal to plant?^ 
from temperate climates as in large 
part due to an unusually higlFthenlial 
' stability of their photosynthetic 
machinery ^involving components of 
'the chloroplast membranes responsi- 
ble for photochemical activity well 
as eriaymes of the COj-fixlng^^fe^^sten) 
Tidesfronjia (and numerous' other 
^species fron^ 15 famifies, mostly of 
dry tropicah and subtropical origin) ■ 
also possesses an especlallyiefficient 
mechanism for COj fixation, called 
the C^ pathway of photosynthesis 
This pathway, in corpbination with' 
the unusual heat stability of its 
photosynthetic apparatus, enables^ 
Tidestromip to maintain extraordinarily 
fast rates of photosyntfie^s and 



ERIC 



7L 



64 BIOLOGICAL, BEHAVIORAL AND SOCIAL SCIENCES 



growth \f\ the extreme summer heat 
'and to maVe very efficient use of the 
Ifmjtecl water supply 

Maay other species occupying the 
floor erf Death • Valley, including 
several species of Atnplex (saltbush), 
possess the C4 pathway of photosyn- 
thesis, but plants with the conven- 
tional C3 pathway, also, are present 
and have develop^ speci*! ' mecha- 
nisms for survival For example, the 
evergreen shrub, larrea divancata, is 
papable of seasonally adjusting its 
photosyntFietic temperature depend- 
ence in an adaptive rnanner Perhaps 
•the most striking feature of this 
species IS its ability not only to 
endure very high levels of water 
stress t>uf also^ to photosynthesize at 
normal .rlrtes, even when, as a conse- 
quence of Ibw 50][ moisture and very 
dry air, the water potential of the 
plant has {alien to very low levels (-35 
td^HO bars) In plants from moderate 
climates, photosynthesis usually 
ceases at about -10 to -15 bars, and 
pitoon^ed stress' below -17 bars 
gefteralFy is lethal The mechanisms 
responsible for the ability oi'tarrea 
aitd certain other desert plants, 
including Atnpkx hymenelyfra. to retain 
n'offna^ rates of photosynthesis under^ 
severe drought" are cur/e#^tly the 
subject of intensive study ^y the 
Carnegie-S'tanford Group 

Another interestirvg and p>otentially 
'useful aspect of the research is the 
genetic studies m which C4 species 
and C3 species of Aif-iplex are hvBrid- 
iz^ vn order to determine the rlWe 
i/iheritance of the photo«ynth^ic 
pafhw'ay It' vyouli^, of course, 1>e 
enormously useful if $cientists could * 
discover ho*v ^oie of the characteris- 
tics of desert-adapted plants cou)d be 
• introduced into plants that are useful 
for focxi, fiber, fodder for animals, 
fuel, or, even" soil stabilization Intro- 
duction of such adaptations through 



identified and characterized The 
Mooney-B)orkman-Berry project is a 
basic research program to discover, 
analyze, and understand the 
responses and adaptations of plants 
to harsh environments As such, it is 
a good example of the fundamental 
work that must underlie the develop- 
ment "of cl^fcps that can tolerate 
envirorimentai stresses ancf make 
efficient u^ of limited resources 



'Plants and Their ^ 
Insect Herbivores 

Most 'plants synthesize compoi^ds 
that have the effect of protecting 
them from attack by insects Not 
surprisingly, in the course of time 
herbivorous insects have developed 
metabolic systems to detoxify these 
no;(ious plant compounds These 
relationships between plants ^and 
insects are of increasing interest 
because they may have led to the use 
of "natural" strategies for plant 
protection In an effort to learn more 
about these relationships, Paul Feeny 



and hi^ coworker^t Cornell Univer- 
"sity have been studying the chemical 
ecology^, ^ergetics, and population 
biology of two closely related, leaf- 
eating, swallowtail butterfhes that 
live in the Ithaca, NY., area but 
which feed _ in^ quite different 
t situations^ 

The black swallowtail, PaptUo polyx- 
enes. feeds on the Wild carrot and its 
relatives of the umbellifer family 
Leaves o^ wild carrot, with relatively 
high c6h4*nts of nitrogen, sodium, 
and water, provide a nutritious, 
though somewhat sparsely dis- 
persed, food source for the black 
swallowtail, which detoxifies the 
specific qualitative poisons that act as 
barriers to many other insect species 
' The second species, the tiger 
swallowtail, P glaucus. feed§ on -the 
leaves of many f^lnilies of forest 
trees While the canopy of these trees 
IS a seemingly abundant food source. 
It IS not»nutritiQ«s s^nce it is relatively 
low in the ^itrog^en, water, and 
sodmm required by growing insects. 

The scientists have found that 




PlaiM defentt ttrattglM. This caterpillar^f the biack swaiiowtaii butterfly is one of the 
few insects able to eat and tolerate the specific chemic^s in thj» annual ufnbelhfer 

plant bree'dine probably will be very ^ J^'ant -Community ecologists suggest that many plants use VhemictI defense 
pianr, oreeaing proDaDiy^ wiii utr v^iy ^ mechanisms siK* as this, in which only a f^w insect specie^ can locate and adapt to 

that food supphr^^ tbe other hand, l^ve^ of longstanding perennial plants, such as 
trees,' are subject to bemg eaten^jy^any species of insects They tend to develop 
general, multiple toxins that act to ligiit the ^population growth of fheir irrs^t 
pfftdators {Photo by Paul Feeny/Cornell Univ^ty,) • ^ 



difficult HAwever, before the 
feasibihty of Such efforts -c^irt be 
■ evaluated it is, <»f course, ^necessary 
that these adaptive^ itiechanisms. 'be 
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black swallowtail cifterpillars feedjng 
* QP th€ weedy v^ld carrot mature in 3 
weeks Caterpillars of fhe tiger 
Swallowtail, feeding, on the fores\ 
canopy, however, take 8 weeks to 
mature Compounding the rethrdant 
effect of the low nutritive level of the 
tree leaves is the presence of tannins 
and terpenes, both of whrch interfe;-e 
with the insect's utilization of the' 
nitrogen present in the leaves 

Drawing on these observations, 
Feeny and his co^vorkers h^ve 
develope<f a general Jnypothesis about 

nature and toni^eque^fPs of the. 
consistent and predictable differences 
^ in chemical defences of plants that 
characterize recently disturbed 'areas 
aSi* compared with tho^e of more 
stable areas The disturbed areas 
typically are 'dominated by a diversity 
short-iived (annual) plants, , many 
of which niake small amounts of 
highly toxic chemicals that absotlitely 
repel most herbivorous i/isects A few 
insects have the ability to detoxify 
tke compounds made by different 
annual plant species The blactc 
swallcm'taiL for example, is one of the 
few to' feed upon the umbellifer 
plants such as wild \arrots The 
larvae of the'cabbage butterfly select 
plants such as wild crucifers upon 
^ which they grow Well Contrasted 
with this is the defensive s"trategy 
developed by plants of long-persistipg 
communities For example, in an oak 
forest, chemicals such as tannins, 
resins, or terpenes that deter pnsects 
often ^re made in relatively large 
quantities These substan^^s cannc^ 
be combated effectively py insects ' 
They .tend to have^a dosage-response 
, effect, on insect growth, slowijlg it 
dovyn in a quantitative way., the m(?fe 
tannin, the slower the herbivore's 
growth 

The patchy and relatively 
epheme/al nature of the annual-pla^t 
populations of recently disturbed 
areas makes it more diffifylt^- 4ov 
many kinds'of herbivorous insect^ jo 
fihd and exploit these plants as a food 
source Undpr these circumstances 



the "qualitative" chemical defenses, 
imposing Mess of a metabolic cost, 
suffice to •protect the pfants from 
excessive defoliation The established 
canopy trees, on th^ other hand, 
persist for long periods of time As 
*they are readily available to a great 
variety of insect herbivores, they 
must' prote(^t' themselves Ijy the 
metabolically^ cdstly production o^ 
large amounts of toxins, with which 
very few insect species can'cop^ 

Alaskan Taiga Ecosystem 



Unlik-e ^he cbrrfmunity -ecoiogist, 
the ecosystem ecologist studies the 
structure and dynamics' of major 
distinctive elements of the world's 
biotic landscape U S scientists were 
the pioneers iVl studying large-scale 
biomes Under the auspice^of th 
International Biological Progra 
HBP), th^e ^western grasslands and 
deserts, . the eastern deciduous - 
forests, and the western coniferous 
forests were the subject of integrated 
studies , . 

A significant post-lBP biome study 
examining the taiga, or subarctic 
f^es^,; in Alaska is under way This 
forest characteristically is/dqipinated 
by spruce, variously mixed with 
deciduous trees and shrubs Dn -well 
drkned sites and southern-^ sfopes, 
white spruce 'Phea ^lauca> Aon\\x\a\.efi a 
closed canopy forest while a sparse 
open " forest dominated by black 
spruce iPicea mananal occupies the 
extensive poorly drained areas, sites 
underlain by permafrost, and the 
'cool, north-facing slopes ' Black 
spruce-taiga extends to the limits of 
tree growth, both in the high altitude 
fnpuntains ^rtd to the north where it 
IS replaced by ground-hugging tundra 
veg^tatiori Of the 140 million hec- 
tares in the Alaska.n interior, about 
one-quarter is covered by sparse open 
forest Taiga, bog, and ien. vegetation 
form the most wid^pjead gfo'und 
cover in interior Alaska 

The black spruce ecosystem- 
appears to be the least produ^ive 



forest type know^i After a century of 
growth, a black-spruce ^tree nhay be 
little taller than a person Individual 
needles may be retained 25 years, and 
the older trees retain their dead, 
branches arr*yed on tjie bole beneath 
the small crown of living branches 
This dry, "-standing dead" material 
makes the .black spruce ecosystem 
particularly'susceptable to fbrest fires 
In addition, their . shallow root 
systeni, extending above the mineriil 
,soil, makes'the trees readily suscepti- 
' ble to erosion, especially along river 
banks 

Frequent fires and the action of the 
abundant glacier-fed, silt-lad^n rivers 
continuously modify the landscape 
and topography, gt Alaska's vast» 
interior basin The ' plants that 
become established on newly de- 
1^ posited riverbanks belong to species 
different from those that become 



'Reestablished on burned areas Fo^ 
instance, willow and popfar are 
among the pioneer species\that grow 
on newly formed riverbanks, while 
black spruce and other plants become 
reestablished on burned si,tes This 
study of fhe black spruce-taiga 
ecosyst-em, under the direction of 
Keith Van Cleve, University^ of 
Alaska, and Ted Dyrness, U S Forest 
Service, is aimed at understanding 
growth, succession-, and the dynamics 
of nutrient-cycling m th^S ecosystem 
The study^tT^eing conducted on 
lands contf^jiied in part by the Bureau 
of Landj Management Additional 
long-term data are being supplied by 
the U'S Forest Service, which al^ is 
contributing investigators and equip- 
ment 

The slow growth rate of the black 
spruce reflects the influence of low 
spil^ temperature, and high soil 
moisture content on the rates of 

^org'a'nic matter mineralization and 
nutrient cychng ^ut even the slow 
growing black spruce trees seem to 
further depress the already marginal 
ecosystem productivity The protecr 
tion provided by these trees' permits 

* the growth of a thick mat' of feather- 
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Taiga ecosystem. A typical succession ol^lanl species in the sparse targa forests of 
Alaska begins with willows ar\d#pof5lars on newly formed silty nverbanks wid 
progresses, as the community ages and the silt bgflbs up abo>«e flood levels, to 
spruce Growth of ground mosses under the protection of the spruce eventually 
retards the free growth by 'sequestering nutrients and by promoting sha^lower 
permafrost Frequent fires that burn off the mosses and older trees can rejuvenate the 
spruce forest Current studms should be helpful m developing land management 
approaches 



mosses over the Iitter-strewn soil 
The results to date indicate that ^he 
development of th^s moss mat further 
retards the growth of the biaclT 
spruce in two ways First, the mosses 
compete with the spruce roots for the 
nutrients refca&ed by '"minaralization 
of fallen organic matter Second, the 
moss mat acts as a feather q«ilt, 
insulating fhe soil from wtarmir\g 
during the brief liot summer and thus 
ret*arding mineralization As .the mat 
thictens, the permafrost surface 
gradually approaches the uppyer layer 
of the mineral soil and further 
retards tree growtfa The study team 



believes that periodic burning of 
moribund trees and the feather-moss 
layer may provide the only escape 
from this tree strangulation If burn- 
ing occurs when the pine cones of the 
fblack spruce are closed, the cones 
tend to resist burning, thus protect- 
ing the seeds for dispersion later The 
resultant seedlings bring a cycle of 
revegetation By examining succes- 
sion and ecosystem dynamics, the 
stucfy should provide baste informa- 
tion th^t Ivill prove useful in desigfi- 
ing ap{J>lied projects and in guiding 
land management practices 



Social Sciences 



Human social institutipnsp are 
variable and complex, and they 
change constantly in response to 
shifting circumstances The study yf 
social institutions thus presents a 
demand^Jg challenge for scientific 



inquiry— jo discern basic patterns of 
human social'organization, to deter-* 
mine the general principles that 
explain how social institutiC5riflis change 
^nd affect each other, and to describe 
the impact of charvf^mg institutional 



arrangements on the quality of^ 
human. ^ife and the achievernent of 
social goals. Social science knowledge 
contributes to our comprehension of 
what IS hapi;>ening as soc^ changfe 
intrudes»to disrupt familiar routine. 
Such knowledge ^also provides the 
basis for enlightened public policies 
that will affect the well-being of oj^jr 
own and futile generations.^ 

The scientific study of /social an- 
stitutions IS charact^ized Py several 
distinctive features: (1) the inarch for 
general patterns and p^nclp^s that 
extend beytjnd 'the partlcular^S^f^ a 
given time and place, (2) the 
dependence on reliable and reproduci- 
ble data describing social institi/ions 
and their functioning, and (3) the 
systematic test of general principles 
against reliable data. 

In contemporary social "science, 
general principles »may be expressed_^ 
in many ways, such as in the form^pf 
mathematical models or verbal 
statements of compaVison They also 
may be formulated' to pertain to 
relatively large human groupings 
such as nations, complex' organiza- 
tions, or communities— or to the 
relations between indivi(lual persons 
and the effect of the social cdhtext on 
'individual response Recognizing the 
uneven'development of various social 
science subfields and the potential 
interplay- between principles that 
pertain to individual interrelations 
and larger aggregates, N&F give$ 
priority to studies that promise to 
contribute to the systematic develop- 
mejit of abstract principles* that can 
serve as general gaides for un- 
derstanding basic proce;^ses of social 
life artd institutional change. 

Reliable and useful social science 
data require the painstaking efforts 
of individual investigators and, -fre- 
quently, of relatively large and highly 
organized teams o? yvorkers The lack 
of adequate descriptive data con- 
tinues to be' a major impediment to 
the accelerated development of the 
social science disciplina^ In response 
to this condition, NJp supports the 
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development of broadly useful data 
resources vvKich can be made 
available to the general social science 
community. This support is most 
clearly lUpstTatled in the development 
of social indicators designed to reflect 
trends and differentials in the quality 
of life and thu's to help explore Tiovv 
major institutional changes affect the 
well-being of individual citizens 
Other social science programs also 
are working toward the production 
and distribution of d^^ta resources and 
toward the improvement of data 
collection technrques These devefop- 
ments ^^re expected to enhance the 
'capabilities uf future social science 
research to contribute effectively to 
the development of more adequate 
and comprehensive social scientific 
findings 

The systematic testing of general 
formulations agamst relevant data 
constitutes the mosf demanding, the 
most exciting, and f'requently the 
most visibly fruitful aspect of social 
sciences research Suc|^ work builds 
^on the devdopment of models an^ the other parties involved It is, 
principles worthy of extensive \therefore, of considerable importance 
testing It also Requires methodo- tdv determine the mapr factors that 
logical developments that permit influence foreign policy decisions Of 
assembling appropriate data antL particular interest is the degree to 
assessing the correspondence be- f which, and the conditions under 
tween the implications of the for- which, decisions are shaped by the 
mulation being tested Jnd the out- personal style of political leaders, by' 
comes m the data being analyzed In ^bureaucratic habits that are resistant 



financial markets Such models are 
becommg increasingly common m 
other social science disciplines too 

In some areas of social science, the 
'accumulated knowledge base is not 
'syfficient to permit the formulation 
and testing of multivariate ex- 
planatory models Here, wqrk may be 
supported not because it represents 
the culmination of work that has led 
to a profound understanding of social 
phenomena but because it represents 
the early stages in that effoft — 
exploratory and descriptive work in 
new areas of investigation, methodo- 
logical developments thai promise to 
enha'nce'the quality of future sub- 
stantive work, or examinations of the 
tenability of tentative and relatively 
crude generalizations 

Foreign Policy Decision 
Analysis 

CpmjMex international negotiations 
often entail anticipations by each 
party concerning future decisions by 



some areas of social science investi- 
gation, the necessary groundwork in 
building models* and assessing da^a 
^esources^ has not been completed 
Current work, therefore, is concen-. 
ti;a|ed on expl(^atory investigations, 
methodological developments, a^nd 
the development of datJflPesources In 
other areas of investigation, models 
have been developed, and appropriate 
but imperfect ^<feia can be assembled 
to test their implications This kind of 
work rs most highly developed in'ec- 
oo9mics, where functional econo- 
metric models operate on many levels 
(I5cal regional, national, and inter- 
national) anjd concern roany topics, 
such as "housing, ^education, and the 



"to change, or by economic interests 
TKgse are among tKe^ctors bemg 
explored as determinants of foreign 
policy decisions in a series of studies 
based on a carefully coded data file of 
foreign policy events of 36 nations 
during the period 1959-68 

One of these studies, the Com- 
parative Research on "Events of 
Nations fCREON), project, is' a, mul- 
tiuniversity research venture direAecj 
by printipal investigator Charles 
Hermann #of Ohio State University. 
MauDCe A East of th^ University of 
Kentucky, and Stephen A Salmore o( ' 
Rutgers, The State University Their 
detailed data file djaws together 
informa^t)n from diverse sources, 



including content analyses of the 
responses of heads of state at press 
conferences during* the period 
covere^ The file contains a variety of0 
information such as the personal 
characteristics of political leaders, 
structures and standcdrd operating 
procedures of defense and ftSreign * 
offices, constitutional characteristics 
of political regimes,' social, economic, 
and political attributes of the natioiis, 
the structure of regional political 
systems, the past behavior of the 
nations m the conduct of their 
foreign policies, and tr'ansitory 
situations and events surrounding 
each identified toreign policy decision. . 
I The investigators have been al^le to 
explore the degree of association 
between potential predictors of 
foreign policy and the actual out- . 
come, and to assess the relative 
weight c^f par|icular factors under 
various conditions Oft the basis of 
their analysis, they report that mdst 
foreign policy decisions are mad^ 
within narrowly constncfin§ 
bureaucratic constraints of the • 
defense and foreign offices Only 
under conditions of great crisis are 
the^^aders relatively- free from the^ 
constrahats jof organizational routine^ 
and shprtVterm interests 

ThrougliVontent analysis of the re- 
marks |)f thA leaders, the researchers 
were * able Vo characterize the 
decisionmakertv according to various 
personaTiU' traits Under crisis con- 
ditions, 'particular facets of^ the 
leaders' personalities — fo^ instatice, 
their "need for power," irrternal self- 
control, distr^ist of other^ or 'l^lie'f s 
about the nature ^of and the 

political order----played a dominant 
role in influencing foreign policy 
decrsions- Foreign policy decisions 
made m noncrisis situations, on the 
otl>er hand, wcu^e more closely related ^ 
to the* constraints imposed by past 
decisions, bureaucratic ^nd political^ , 
procedures, and natio'nal economic 
interests # * 

A The data file for this project lends 
itself to a variety of exploratory 
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analyses, and those wording on the ' 
CREON pro)ect already have pub- 
lished a number of them Currently 
they are mtegrating these analyses 
into a .coherent theory of foreign 
pohcy decision makirrg This is one of 
several currently funded profects 
designed to increase und'erstanding of 
factors related to foreign policy 
decisions For example, Ole Holsti of 
Duke University and Alexander^ 
George of Stanford University are 
investigating the influence of 
decisionmakers' basii beliefs about 
political issues on their foreign policy 
decisions Robert Axelrod of the 
University of Michigan is examining 
the processed by which participants m 
small 'groups having different beliefs 
and values reach political decisions 

Studies ^>uch as' these promise to 
extend our understanding 'of how 
decisionmakers resolve difficult and 
complex issues Although the factors 
that influence sueh decisions remain 
incompletely conceptualized and the 
nature t)f 'their' influence under- 
different conditions .b not yet well 
understood, -rfhere is a growing ac- 
cumulatioxi ^of findings to illuminate 
how political ^ead*s resolve conflict- 
ing influence irt making decisions on- 
n?(atters of vital fhncern 



How ^^erican Adults 
Allocate Their Time 

, , •How peopfe allocate their time is a - 
,fundarr^n'tal area, of measurement in 
social^ ondicators research, ^because it 
directly reflects many aspects of life 
equality Sin^ t^74, the* Foundation 
h3s been supporting a ma)or national^ 
suVvey of time-use among American 
famiUes - The Airvey is a project of 
the University of Michigan's Ir1%titute 
for Social Researc\i, whuh conducted 

^ th^ first conlprehensive titne-budget 
study in the) United States just 10 
years ago ' 
Although basically a replication of 

. the 1.9e>5-66^ study, the preset sur- 
vey has been planned ^o produce data 



useful to another NSF-supported" 
pr.o)ect cJealing witb the feasibility of . 
extending natfonal income accounting 
to include productive activities oc- 
curring outside the marketplace 
Particulap attention is bein§ given to 
Unpaid productive activities in order 
to arrive at a more realfstic system of 
economic accounts and, in particular, 
to improve our understanding of the 
household the Nation's basic 

economic unit ^ 

The survey also has been planned 
to serve the needs of those Federal 
agencies concerned with such matters 
as income security and unemploy- 
ment Moreover, it- is expected that' 
an even wider range of Govej;fim_ef\t 
and' private organizations will find 
the results highly useful for polTcy 
analysis in such areas as transporta- 
tion, heajth, the mass media, 
housework, chiidcare," and volunteer 
activities 

The present survey introduces 
several methodological innovations 
that make it the nriost sophisticated 
research of its kind The types of 
analytic results anticipat,ed from the 
research thus will go beyond cur4"ent- 
ly avaifable information on time-use. 
For er^ample,*^considerable ^fiort' is 
de^'oted to developing an accounting*^ 
system to differentiate use of time as 
"output" ^valuable at the Vage rate} 
verbis time as "input" (plire con- 
sumption) If a quantital>ive ^ssess- 
rT>f nt of this pro.blem can- be achieved, 
answers may be obtained to questions 
such as, Wh'at economic^ value 'can we. 
attach to housework'' How much do 
leisure activities c.ontr?bute to work^' 
perforif\artce Or accomolishments'' 
How w^ll new household technol- 
ogies, like mTucrowave ovens or cable 
\TV. affect the way time is spent? 

Although survey ^ procedures are 
still in t]?e ^nal stage of cornplet*3n, it 
IS pQssible to present some 
preliminary results which corrt^re 
estimates of' time aJlocatiiih from tK^ 
early phases of the* present survey 
with those obtaiped li> years ag£) A 
detailed exposition" of differences in 



vveekly hours devoted to various 
activities is scheduled to -appear in 
Social Indicators J 976, a J>\:i&liCation 
currently being 'prepared by th« 
Offfce of Management and Budget. 

VV^ri for Pay. On an average/ • 
Americans spent lesglHime workmg 
(including commuting) in 1975 than 
they did m 1965 This is true for both 
men and women Although college 
graduates and the 24-45 age group 
increased their work hours, the rest* 
of the population worked less (This 
shift refers only' to the ^employed ^ 
segment of the popuiatipn and is not 
affected by the higher unemployment 
rates of 1975 ) 

family Care Time spent on family 
care' activities (mainly housework) 
has fallen" almost 20 percent As was 
true nn 1S65, mpst of the family care 
activity falls to women whether or 
not they work outside the home 
Again in 1975 ho difference has been 
found fn the amount"o#housevs^ork 
^done by married-men whether or not 
their' wives had outside employment 

Pree Time, With less time being 
'^pent on ^work and family care in 
1975* it IS not surprising to find that 
Americans had more free time m 
1975 than m -1^65 The* difference is 
sigrrtficant, totaling almos^ 5 hours 
^er )«^eek The most dran^tic rise in- 
free time .is registered by employed . 
women, whose total free time in 197.5 
almost matched that of emplo^ied * 
men Among the working population 
in.' both 1965 ancf 1976, there is a 
curvilinear relationship betweert ag^ 
and free thme, the youngest (aged 15^ 
25) and the oldest (aged, 56-65) 
Having the miost of^t Older p^op^e 
registered a large, drop in social liFe 
arra in visiting fneios -and relations 
between 1965 and 1975 The leve^ % 
education, which was unrelated^ to 
social life in 1965, now seems to be 
related to it in a positive direction. In 
other words, IC\ years ago people 
engaged equally in social activities, 
regardless o£ ho\v much education^ 
jj^y had Now, those with higheq|^ 
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Spending tlifie. t>^fese early, prelimiriary results'of a major national survey of how adu 
shifts m relative amounts of time spent on work and fr^e time over a 10-year span 

» • ' * " ♦ . ^. - / ' 

Visiting In 1965 thjere was ^ an 
edugational gcip in» media use— tke 
more educated -tended to watch less 
^^teleyision t^an the less educated By 
1975 this gap had closed, only the 
college graduate group r^pgrted less 
media iAe than othe^roups in 1975. 
It must stre^ea that the above 



, " *C3 " '^Hours^yeek 1965 

Its allocate their time suggest significant 



edt^cation tend to engage m?5re in 
social life ^han tho^e with less educa- 
tion ^ , 
Mass Mgdta Tii5e -^pent watching 
television affpears^to have increased., 
Reading time has^ stayed 'about the 
same as; m 1965", but time sp^nt 
listening " to radio and watching 
moVi^s has declined The major 
increase in television viewing was 



findings are only j^hmitany and 
, represent a first crucjf. cut at deter- 



among women, who also showed the^ mining the general sKape of time-use 
main decrease in h'ousework and * information in comparisoato roughly 



similar inforrpattan collected 10 years 
ago The major analytic worlcNis still 
to be done, and the data will become 
mo>^ interpretable as they are 
entered into social ^accouhting 
frameworks awd are 'mapped against 
significant social events of the past 10 
years— such as the energy , crisis, 
rise of "counter-cultures,"" and ihm 
various pblitical,^ econorr^ic^^^ii nrxial 
movements aimed at creating greater 
equity m our society - 
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Science Education 




The goal of • NSF's Science, 
Educ^ition^program is to in- 
itiate and support, activities to 
strengthen educ<(tioa in the sciences 
a¥%L[\ levels. JDuring the past year, the ^ 
Foundation flibjected ' thiSjCoal and 
the means by which i^can be 



programs was a series of ^on- 
gifessidn^ actions t/at affected the 
.'science education program area. The 
first of these was the terrftination of 
th^ insfituttonal grants fo/ science'^ 
program, the secpnd * was th^ es- 
tablishment of^ tvVo new programs 



help ^ citizeos use scientific and 
technical/information in^ordei; to dea! 
more effectively with issues »pf public 
piblicy In shapin^-the new programs, 
NSF has solicited the opinions of 
scietice educator^ and inter^ste^ 
citizens through a series of regional 



Tchieved tp close scrutiny ' a resiflt ^ designed to improve science educa- meetings. This is jjart of a broader 



.tion; and the thirciltvas the establish- 
ment of a new program designed to 



Science Manpower Improvement 



.of' this critical- exatrnnatiorf, the 
program h3s been restructured mto 
following four^ coherent area^. < 

^.Sctfnce' manpow^er improi^emerU, wl^se 
objectives are^ to • identify and* en- 
courage scientific* talent, to assist in 
the maintenance bf high- standards 
^nd quahty in the training of students 
and pTofessfonali in the ^cienceJ, and 
to stimulate moi^ participation in tTie 
sciences by minorititb, women, and 
the handicapped 
Science*' edUcaUMn' jesourit^ ' improvement , 
' whose objecftwe is to strengtlierl and 

. improve the quality of science in- 
struction and research ^traihing in 

schools, colleges/- and universities^^ n i i -i 

^ ^ J , 'j 1 . j' L Student»oriented #roafams provide , 
Science educaUon development anikre^f arch, , « , , - , , 

u L..^..' ' 1. » J * - ' high school ajid "undergraduate . 

, >vhose obiective%tare to* advance our * , * • c 

" - * — - • students with lexperience m scientific 

activities td" encourage ' their entry" 

jrtto , 'scientific .careers, At tfie grad*" 



effort to identify and address nationa^. 
needs in science education.' i 



« 

* Programs that support the fm- 
^ provement of scientific personnel 
provide the Nation with a more 
effective^ sujgply o£ scien-tific 
manpower— a ceTitral and traditional 
responsibility of the Foundation 



^J^^yledge of hpw scientific cbnfepts, 
niKsses, and^ skills are learned and 
* to encjjurage the development of 
means by which* the learninjip^ 
pro(^esses in scFence can be improved 
^ Science- and society . >vhose obfectiv? is • 
to bring ii bout greater understanding" 
of science and technology a? it affects , 
^#con temporary lif^, "ind^^irig the 
f ^social ar\d eihvcal implications and- 



consequences o£ an ^increasingly \ 

iechjlology-depdnaent sooety •qu^lit^ in the^(raining of aiudents and 



uate an<i . post^octoraL levels/ the 
emphasis is on 'training highly 
taj^hted young scientists, particularly 
training for research ana fetching in 
scientific areas 4elate<i to national ™ 
needs Faculty-oriented prograjyis are 
designed to enhance tRe competepcie 
of teachers |o as to maintain high 



A factor -rh this fealignment of prafe^lpnal^ in the sciences 
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Stud^nt^Orienfed , % 
_ f^grams ' 

The* student-oriented* •programs 
encourage students of §p€C4al intere^l 
and ability by providing challenges 
and ^^ opportL|niti€rs.' nq^ usually , 
available at their level ' 

Stuflpnt Science Training 

In the 125' pro^cts su|)ported in 
1976, some .4^1fc ' high school 
students received sf^ecial instruction 
in science'and participated in research 
prpj«cts at colleges .or tiniversitietM^ 
^iity-tvv^ of -these pfQjecIs involved 
high-ability secof^^ary school 
students ' whose opportunities have 
been limited by tb*e facilities' and 
instruction .available in their o*wn 
high schools. * . 
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Student SGi«nctt Training. Htgh school jtudtfRts take advant ^ 

mtUpsive sctertte mstruct^on oppoi^unities at four colleges j 
lU'^nvrrohmerita! biology of ^ Dond'^t \fptburg College in / 
Iowa, (2j.malh. probabJJity, and cl)nnp|ite^r\8u&ge aiAla^^ma^ 
Siate Umversity," (3) 'corpputer ' proB^J^g of phy§;G& ir\xf 
•attronomy data at East Carolina iJnivers<ty, (4) oceanogfaphic 
sSmpJl^ analysis ^at the Univftf*rity oi RhodfeYsland 
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TabltS 

SciMCi Ilinpow0r Improvement 
hsc$\ Year 1976 and Tfinstti^n^rtef (July 1-Sept. 30, 1976) 



Fiscal YearT^76 



Tfansitwi QmrtefY 





Number 


PropoSiis 
Amount 


Number 


*A«ards 

Amount 


Number of 
Individ uats 
Suppotied 


Numbei 


Awards 

Amount 


Fetewships and Tfaineeshtps 


7,492 


S H,T97 704 


776 


116^50,523 


850 


11 


$527.74^ 


► Gfaduatt Fe«o«shtps tn Scrence 
















and En^neermg . 


6419 


53 100 000 ■ 


550 


11 372 6«5 


550 


11 


527 748 


Faculty FeMmhtps m Science 
















Apphed to Soctctil Pro^s 


538 t 


8 504 704 


79 


1.299 960 


79 


-0- 


-0- 


Energy ReUted Postd^ictorai 
















. FeMowsh^ps 


455 


5454(y)0'> 


118 


1,414,336 


118 


^- 


-0- 


Enerfy Related Graduate 
















Trajneeshtps * 


80 


11 739 000 


29 


2 1 63 542 


103 


-0- 


-0- 


Student Oriented Programs 


1 391 


23408 735 


395 


5471 033 


6 467 


l 


5 595 


Student Science Training 


320 


6 960 580 


125 


1944 957 


4 400 


1 


5 595 


UndefirJlduate Resear^cn 
















PartKtpation 


627 


9 664 335 


201 


2 543 770 


1481 


-0- 


-0- 


Student Originated Studws 


444 


6 783 820 


69 


982 306 


586 


-0- 


-0- 


Women m Science 


144 


5 128 575 


33 


1003431 ^ 


6,350 


1 


1^66 


Facutty Programs 


235 


3 351 932 


116 


2157150 


3 552 


-0- 


-0- 


Faculty Short Course^ 


13 


913 392 


13 


894450 


• 3 325 


-0- 


-0- 


FKUIty Recearch Par^>patit>n 


^222 


2438 540 


103 


1^62 700 


^227 


-0-- 


-0- 




9 262 
f • 


(il0 6«6.94S 


1.320 


iUmw 


17 219 ^ 




1534,(09 
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Undergraduate Research 
Participation 

This prograrjrv provides t)ppor- 
tubities to undergraduate students, 
(lave completed a substantial 
portion of their science requirern^nts, 
for full-time "work with college facul- 
ty on research projects, an opportufti- 
ty that goes beyond v^hat is normally 
available irr - the, ..curricula of the 
Nation's colle^s^ In \^76, among the 
201 projects at 165 colleges and 
universities for 1,481 y^ndergraduates 
were 3 designed to acquaint students 
with the research 'acti-Vjtjes ^f indus-^ 
trial laboratories ^^-^ 



Student-driginated Studies 



To encourage students to assume 
ntore responsibility fprV^heiCr , o^n 



it6 to a 
;>r\^hen 

learning .ind to stimulat^ their in-* 
terest in science, this' program sup- 
port*i> ^research dt^tuiLc^ tonccivcd 
and carneelout by the undergraduate 
students th4|hselves ' jc^ith only 
^minimal facility supervision In 1^76, 



6?l awards Tupported the wort.^or586 
students at 63 colleges and univer- 
sities Most of tfte projects were 
aimed at provwiing data r^lev'ant to 
the planning or administering of 
.public programs 4 

Women in Sdience 

In fi^l year 1976*^the first year'of 
full operation for this prpgram, NSF 
supported * 22 ^ science career 
workshops in 1^ Stat#s apd M 
science career facilitation projects in 
10 States and the District of Colj^m- 
bia About 6,00p womejnt .participated 
in the work'sliops, vyhich provide 
women students 'with candid^ infor- 
mation about carter opportunities m 

''vai;ious fields of sciehce and various 
sectGtrs of the economy The facilita- 
tion ' projects helped about 3^0* 
women w^o received a bachelor's or 
master's degree between 2 and 15 

'years ago and needed a short, special- 
ly designed educational experience to 
enter or reent^ employment or 
graduate degree, programs in t'ffeir*^ 



fields of science The projects -sup- 
ported were in fields of science 
judged to have greater than usual 
unjjCT^epresentatior> of women and ' 
good opportunities for employment. 

Graduate atid Ppstdoctoral 
Programs 

. Fellowships and traineeships for • 
graduate study and for work in high- 
pnority national-needs areas increase 
the quality of scie^tlflc manpower 
and strengthen the scientific pro- 
grams at the host ir»titutions ..These 
awards support the highest quality 
scientific talent available at. the grad- 
uate and postdoctoral levels and 
strengthen the energy-related science 
capacity of the Nation, ^ 

Graduate Fellowships 

. New 3-year Graduate Fellowships 
^ were awarded in fiscal year 1976 to 
550 beginning graduate students m 
' saence;"'rrrathema tics; *aTtd" engineer-- - 
ing This program is the only sizeable^ 
'one — Federal or otherwise — spanning 
the sciences in Wich the fellows are 
selected in A 'flij^ional competition 
according to ab^Jity Because only 
about one of every 11 applicants Can 
be selected for an 2(ward, these 
fellows represent the most promising 
graduates of our colleges* In addrtion 
to the 550 fellows, almost 2,000 
additional highly qualified applicants 
were accorded honorable mentiDn, an 
identiftc;atiqn that assists many of 
th^' tn,obta.ining alternative awards 
withouf >v¥iK:h they would be unable 
to undertake graduate study. 

Energy-Related Graduate 
Traineeships^ 

To holp meet the Nation^s^emerg- , 
needs^J^r scientific and 
professional mafipov^er trained in 
energy-^tldteJ' areas, 29 grants were 
made to 2(^ institutions an support of 
the ener^y-relaJld training ,and , 
research of 103 graduate students 
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Each traineeship ,pfovides for^ years 
of work in one,^ two research areas 
coal or nonrenewable resoar<^s (such 
as extractive metallurgy, geothe'rmal 
r^servofrs, explorative geophysks, 
geochemistry .of' hydrdlhernrfal 
uramum deposits, and lertrary oil 
recovery) ' - 4 

Energy-Related ' . 
Postdoctoral Fellowships 

Fellowshipi^awar3s* were made to 
T18 ypung scie^lisl^ demonstrating 
special aptitude for* study and 
research on energy-relatedgp'oblems 
The fellows receive stipends m sup- 
port o\ up t(5 a y^ar of research and 
traiiuag to ihcreasartheir competence 
in research and instruction in energy-. 



Faculty-Oriented Programs 

ihese prograjns, whrch enhance 
the professionaW skills of Science 
teachers, tmpcove both process and 

Qr^pf^>-«f of crJ<»r>/t» mcfrn irfrion for att 

students . » * ♦ 

'College Faculty 'Short Course's 

This program 'to e*.poi>e Fdcultv tu 
new crienfifir knowlp^e and 
peditc :ts dis^icrriinaticn in fne 
classroom is of partivular value to 
faculty "trojji^Z- ar.d 4-year coile^» 
without ^cWp campus research pro— 
'l^ams Fvfty,-j[|^e Jditferent short 
^our5t»- v.*ere otterec! tr: iZ'^ classes 
held* at 13, firld re^jtrrs acros* the 
Nation lAppiO^^.r.atily 3,2CC college 
teachers a^^^rrd^d 'these short/, inten: 
i»ive pre»»encaiK)n»»^by Vxpt^t^ Alsc* m , 
fiscal year 1976, iSO Jijgh* school 
science*^' teacher;* attended' ihree 
cuiirs^ #^ffered a> ^ tnal-run of the 
fe^sibiltty^of ihis format for second- 
aiy.MruHM tt-avfivi-, The pro^Tam ha^ 
involved teachers from all of the^50 
States and Puerto Kico, representing 
on^-haif tp two-thirds of al) the 
t^mstitut40ns higher education in thi* 
N44idn 



Faculty Fellowships in Science 
ApTplled to Societal 'F?joblems 

These fellowsTiips, awarded to 79 
experienced teachers in 2- and 4-year 
colleges and universities, enabled 
the^ to undertake independent study 
and research to increase their com- 
petence in areas specifically related to 
the Nation's problems, and their 
possible solutions The fellows, from 
69^ colleges* and universities in 31 
States, conducted* their projects for 
periods ranging from 3 to 9 jnonths 
at. institutions appropriate to the 
topic of the prcnects Jhe topics 
ranged frOm the developnjent of 
physics courses for students in 
he^alfrh-related fields to an improved 
' understanding ef criminal behavior 
and violence 



Fiaculty Research Participation 

This program assists college 
. teachers m reevaluatin^g^the relevance 
of their course materials to the needs 
and reqjuirements of students To 
help do thks, science , /acalty par- 
ticipate in the ongoing research^ 
activities pf industrial laboratories 
and research institutes In its 3 years 
of operation, the program supp6rted 
the participation of over 500 gpllege 
teachers in such applied research 
experiences The projects m 1976 
included research on energy conver- 
sion and recovery, ^ pollutants, 
' biomedical products <fnd s.ystems, 
computer control . of industrial 
processing, exploitation and develop- 
ment of materfals, ° and electronic 
devices for comnaunication, clia^nosis, 
and processing^ 




Faculty Research -Participation. Marion. Johnson, a*faculty member at Ffedera(*City' 
College m Washington.' D C , participates in a project to separate and purify 
Biological materjals with Louis McCreight at General. Electric's Space Science 
Laboratory • * , 
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Science Education Rel^urcea^ Improvement 



The primary 0b)e<fti\''e".^p4fc»^35F's 



^cience^education r-esourcesiWproN^e- 
menf programs is to strengthen arfd 
improve the science education ^nd 
research training capabilities ^)'f 
schools, colleges, and universities 
These* 'programs^ support equipmen t 

• purchase, research, course improve- 
ment, ' and ulfl^rehensive mul- 

^ tidiscipli^ary progr^m^ -in* ^science' 
education The regional meetings 
held in early fiscal vear 1^70 durrng. 
the development of thTe two newest 
programs — Research Initiation and 

'Support, and Comprehensive Assist- 
ance to Undergraduate Science 
Educa t ion — con tribu ted siglfftica n tly 
to their m'ltial success by allowing the 
Foundation to focus on tVi^ r^alfstic 
needs of the science education^com- 
njunity Those who- attended the 
meetings also indicated their commit- 
merrt to support 'for these programs 
by volunteering to serve o*n revievv 
panels^ » * ^ 

' Research Initiation and 



Support 

arch initiation and Sup- 
(RIaS) program was established 



port 



by th^ Cpn^ress op/August 9, 1975^ 
to provide assisWnce to institutions 

r .of higher learnmg in their ftfort^ to 
improve the- quality, effectiveness, 
and efficiency of their graduate and 
^post^radu'ate programi^ for young 
scientists and engineers For th.e ' 

' purposes > of ^liis -program, "young 

Scientists an*engmeer«;" defined 

a% graduate students, postdoctoral 

appointees, c>r n on tenured faculty 

members who have earrted their 

highest ^postgraduate .decree dunn^^ 

the past 5 years 

X . ^ 

To h^lp shape th& program and Jto 
give it visibility, 7bl tfcS ;nstitutionb 
offering graduate programs in science 
were invited tc> send representatives 
tq SIX regional meefm^ held in * 
•October of 1^75 in Chicago, 
Houston, Denver, I Ob "Angeles, apJ 
Washington ft.\o meetings) The*394 
attendees provided ^extensive com- 
ments on ^nd reactions to a draft of 
the RIAS guidelines, which had betjn 
^mailed to them before the meetings 
Ihese sug;;cst'rr6A^r*cccivcd c.^retul 
.considerahyrf 'Ti^JHp^formuldli^n 'of 
the finai RIASijKehnes • 

A total ''»f 2^T:^rnfios;»l«; rpquec;tmg 



\ * Table 6' 

Science Education Resources Imptovemer^ 
Fiscal Year 1976 and Transtfiort Quarter (JuJy i-Sept 30: 1976) 



Tr»nt,<t*on Quarter 



Awardi 



Comj>reh«f)ve Assistance to Undergraduate 

Sc»nce Edycatw 
Mtwttv InflSutKyis Science Inipfo^ffKoi . 
U»u! Co*-^ CT.efT: 
InstructiOMl EqutpfnM 
*knpfowemefrt off ^t-Co^ tnst'uct»oi« 
•Rneaioh In^tition mf Sufjport 



?60 ' 
60 

2n\ 



Ji5i 3S4 0A0 
16 981 S48^ 
4 «71 
18 137 196^ 
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^ 03? 4 ^€ 
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4 008-J996' " 
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1 
1 

-0- 
-0- 
3 

-0- 



.M515 
285,230 



S - $320.M3 



some $59 milljpn was submitted for 
trtp Fcjundation's consideration by the 
orogryn^s March 15 closing date 

vResul/s of the' competition were 
J^C^nced 'on -June 23, 1976,, with 
$4,0 Million b«ing awarded to 19' 

/institutions 'Of 'the' ferantee^s, six 
were so-called research unix,ersities/ 

Jivle«'were other doCtorate-granting 
institutions, six were institutions 
whose fi;r43uat'e^ training is conducted,^ 
for t^e most part, at the master's 

, level, and twO were consortia ' 

ProiPcts supported diffef widely, m 
their comple^iity, and organization 
Some 'institutions have tried to 
^ address their training and ^research 
needs at the" departmental or ' in- 
terdeparfmehtal level At Brown 
University, f or ^ exampJe, tjie 
Geologic*?! 'SciencedsX)epartment and 
,th5 Engineering Divi^on are pooling 
tMr resources to strengthen an 
tftWrgnig iiiitf t Ji^cipliiidi y j^JO^Mm in 
tectcinoph^sics, which deals with the 
phystc*^ of deformatK>n in- the Earth 

, 'Other colleges and universities, or> 
the other h'and", have approached the 
problem m institution-wide mode 
TypiCa'l of this approach is. a program, 
at Iowa' State University to improve 
the iraiiiip.^ young scientists m the 
effective use of new digital informa- 
tion technique^? tor experimental 
control, daia acquisiti^en, large data- 
based manipulation, anc^ speciah?ed 
computation . By clrawing %)gether 

^el|?me/its ^'nd st^en^ths exist^pg m 
the Department^y of Elettncal Engi^ 
neermg and Computer Science and 

Jhc Urtivi^rsity Computation Certer, 

^^owa State**^il1 provide ac^anced 
training 'and 5erviOB9'*in' computation 
to young' scientists Irom four colleges 
and 20 departments * - - 

Two of the awards were tnade' to 
mstitutions acting in corisott One 
such grant provides sup£ort for a* 
loint dcKtorl^j" prpgram m plant 
biology conducted by Lehman College 
of the ^ity University oi New, York 
'and the New York Botanical- Garden 
,The program enriches the research 
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and training opportur;»itie5 available 
to .young scientists at Lehman by 

-providing modern iaboratcfry facilities 
that will allow them to take fuller 

-Advantage of the outstandmg 're- 
sources of th'^ BotaniC4,l Garden 



Comprefiensive Assistance to' 
Undergraduate Science 
- Education 

CAUSE was esJtabhsKed^y Teglsla-. , 
tjop on August ^. A975 Its major 
objective is to strengthen the science 
education capabilities of predomi- 
nantly ' undergraduate educational 
instttfjtiolis and departments or 
groups of departments Awards are 
made for revit^liz'ing or improving 
science' 'ed'ucahon ^ withm. 4-year 



Improvement of Pfe-College 
Instruction 

The primar)4 purp6se of this ^vq- 
^ram is to improve elementary and 
sipcondary sc'Kool science education by ^ college^, -Z-year colleges, groups of 
providing support^ for the develop-, such institiitions, and for the ii£^der- 
ment of mod#>ls for more effective graduate .-ccirfiponents of'adyanced- 
pfe-^ervice ^nd in-^ervice , teacher degr^^ inst,itutions . . ' * 
education ^ - In the fall of 1975 the program held 

In the area oi prV^rvice teache/ 13 regional conferences at wh^h 
education in Ihc Foundation - representatives from 'eligible -V 

concentrated Mts support on the s^itutions made sugg^shons \o im^ 
assessntent Qf\he iriipact of previous-* • provide, the draft guidelines. Final 

guidelines were issued in November^ 
1975, With proposals due by Febr.ui^ry 
Id. ^97^ On June \S\ 19^6, 59 
awards were arinounctd - totaling 
SlO I mill>on. denial letters v/ere sent 
f^r 701' proposals requesting $153 
million . J * 

It IS- tcA) 'early ^to' determine the 
success or impact' of a given local 



ly devefeped, rapdeU rather than on 
the^evJlopment of additional new 
modetr^'^Two.such awards wer&rnaiie 
• this past^ year Als^, the N'avaio 
Dfvision of EducatRin,' received a- 
planning award directed toward in- 
creasing the number of \ava)o 
teachers of science and mathematics 
As a way to encoura5;e.a coor- 
dinated attack on complex problemb^pro)ect On a national level, however, * 
jnvolving. Slate^ regional, or "urbaR^tt eMdent from fiscal yl^r 1976 
systems of scienc^ educatjon, the " proposals that CAUSE must continue * 
Foundation awards reUtivelv -Jai'ge to address the needs of a .variety of 
» sum* of money fn a few I'arge-scaie institutions — large arrd ^vrtall public" 
projects" that mvol>/e se\ipral strat^ in, and priATate— that have experienced a 
the edupationaP sTrubture' Xkis year cjeclin^ ' in undergraduate scieince > 
.grants w^re made in furtf er support ^ education standar;^ over the past 
of "Project City Science" in. Ne'w York deca'de 'In' supporting '^bese ^m 
City's middle schools ind the Oregon proverpents. particular aMention wil 



Vill 

*have to be given to a Wrge number of 
in^htutiops heretofore^, uninvoJved-ifi 
the science education activities'of the 
Foundation C&pgress Tnandated that' 
20 percent of ^C'AUSE « funds be 
awarded xUo 2-year college^ In fiscal" 
year 1976 the^t>uccess ration "for 2- 
year and 4-year colleges • w^re fip- 



City'i 

Mathematics Education project * ^ 
The Foundation^ is continuijig its* 
efforts to improve the teaching skills 
of* practicing classroom teachers 
through t^e supi^ort 'oi localized 
Teachers' Centers Renewal grants 
wtre n\a4e to Teachers' Centers in 
CalUomia, Colorado, and 'Wisconsin . 

•!ArT*ongo\s tHjrd-p^^ty **v5''-o4"^" '^f proximately equaj * ^ 

t^hese Cenfers (s being conducted CAUSE -projects refle'tt each in- 
und^r -Foundation support through sbtution's unique e^fdrts to improve 

" the Department of 6ci^nee*Education undergraduate science education^ 
at the Lntversity or Georgii" Therefore, a ma^crwty of awa'rds.*deal 



with several science .disciplmes 
representing the coordinated effo^s 
of' their science ^isions or depart- 
ments Comprehensive educatioruT 
strategies mdude 'varying degrees of 
course revision, development of 
aud\|>-tutorial activities, use gf com- 
puter technology, improvement of 
field or classroom instructional 
facilities, staff training, or purchase 
of relat^ ^^gtructional equipment 
YpT 'example^e College of Idaho will 
incoi'pcfrate modern compu-tmg 
facilrUes vy^thin the course work of . 
aan,decgraduate science classrooms 
The project calls for the purchase of a' 
minicomputer and requisite trainmg 
of science faculty in Jth^ use of ^ 
ccSmputefs, At Mohave Community 
College, funds 'will b^s used to ^ . 
purchase t>vo mobile science vans 
needed to sefve. undergraduate 
students m '^remote regions A,d' 
ditional fulids will be provided for * 
.specific instructional e_quipment -and,, 
for the development of expaisded^ 
course offerings in the physical and • 
biological sciences 

educational Program 
Restructuring 

The primary purpose^ of . edu- 
cational program restructuring are to 
encourage the development, te^hg^. 
and -ev*aluation of new or unconven- 
tional ap^ro^ches to 'all aspects^^ of 
science "instruction' at the undergrad- 
uate level, and to^pro*duce changes in, 
the undergraduate science learning 
eyperieaces of science majqfs.* non^ V 
science mafors ^nrolled m science 
courses*, or those preparing speAfi(^l- 
ly for careers as teachers^f elemen- * 
tary and secondary school science 

In fiscal year 197,6 this pro'gram* 
c&^pleted Its ev*olutjjQa from/$iq?port 
^of massive institutional rest rtjct u ring 
projects to highly focused projects for 
restructuring of local cour^^conterU 
or method of delivery Avyards>ang-. 
* mg/rom Sf2.76o to^ $25^000 wen'^t |o ' 
69 colleges anciN^i\*ersUies in ^p- 
port- of, innovative scifenct teaching 
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ro)ects desigped by ^individual or- 
small groups of science facuit>; 
members 

At the State Unnefsity of New 
York m Bmghamton, undergraduate 
ience ma|ars will gain experie^ice Tn 
communicating scientific knowledge 
, to 'the Jay public while they are still 
preparing th^mselv?s for stientific 
careers' The ^project involves an 
interdisciplinary collaboration among 
the several science departments, the 
English Department, and the, 
Educationat CommuniL^tu^ns f)epart- 

Tbe themistrv faculty at Xavier 
University ot Louisiana will devekrp 
Ir'arnn'ig moJule-s for m two 

Kcneral chemistry laboratory LL>ur>es 
andiwill conduct a pilot btudy of theirt 
effectiveness At Hillbborough Co'iVr- 
munity College in Tapnpa, FPofida 
compruter programs wdl be developed, 
for student u^e to ^strmulate, basic 
physical ftttnLept" and to permit 
mathema«al mode-iing of physical 
proteas^fs or* svstenis And aX tTie 
LntvtT-.ity of thf PaL'.f.r^ in Stockton*, 
Calit , a muitidisciplmary, upper- 
Jivi>*on, ndiuial 3«^i£tKe laboratory 
course wii; be cfesignca- expressly for 
science majors The course uili make 
s t ^ J c r. : ^ ^ . .' Z T o f t h e m - 
terrelation&hips between 'sci^otifxc 
di<^riphnp^ ^nd «tp^h rnpm the value 
of skil!^ and met^'od'^*^^ d'scplme^' 

Instructional Scientific^ 
Equipment Prografn 

♦This program zor^,]r,\lc^'^ proy\dfr 
l^small grants to both/^ and 4-year ' 
illege^ and udiwcrs.t»cs as matching 
5ds to support scienti*fic^ and,'or 
lr^fctruct^o^vai cquipmcTit -pc-rchascs. 
neraed to jmglemoht spcc;hc science' 
ct)Ur\e, '•ind curriLulum rcvibions In 
fiscah u'ar 1^76 the program mjJe 
32^ awards. 'averaging $8.^30. to- 277 
; iin>titutiurv*> lou*UeJ m 49 States, the 
. D»strt..l of CoLiiTihj.*, rind the Com 
' mcnwe^kh of Puerto ^Rico > 

The'grftateftt numbers of 'proposals 



and resultant " awards this year iny 
vt^l^ed projects^ in the ^physical 
sciences. • fallowed by the life sciences 
and engirteering The earth and soci'al 
scientes/vere relatively as successful 
in thej cornpetition as the other 
sci'eru?^; but submit'ted fev\^r, 
-^proptsals 

-V Grants vvere made fo' support 
purchase of, equipment ranging over 
minicomputers in engineering, 
seismic apparatus for. use in geology, 

^k^uipment to perform data manipula- 
tiOTi m ^he social, sciefice*^, and 
analytitdl eq^ipmenV for ^ the life 
sciences It is perhaps' noteworthy 
that o5 ^percent of the funds to be 
expended f ^ r -ch^se projects will 
bUp4?ort' th\g pucthase of*, com- 
putatK)nal 'e^Uf^^ftf^ t for use in a 

^variety u{ science^nstructional ac- 
tivities ^^"""^ 

Minority Institutions 
Science improvement 

To "^efp ' 4nCrease the . flow of* 
un^ierrepre^ented ethnic minorities 

. • ■ I 



into science careers and to. improve 
the quality.' of science educa^tion 
programs at, minority institrutions. • 
NSF su*ppor^ p'ro^cts designed to 

Vffect lon^^ange ' improvemejits m ^ 
science education at institutions ^ 

^whose enrollments are predommaDtly \ 
Black. Native-American. Spanish- 
speaking, or othtr disadva/itaged 

" ethnic. minbriti^s Approximately 200 

» 2- and 4-year coljeges ar^ univjer- 
sities. ^ which enroll , m9re |han 
400.000 students, are eligible to 
participate m Vhe pr-ogram 

This' fiscal .year 85 awards were 
tnade by the minority institutions 
.science improA^ement program ^nd by 

^ the research initiation' for minority 
institution ^improvement 'program- 
Jhyse •included 26 ^multiyear in- 
stitutional science improvement pro|- 
ecr aw^ards* 6 regional briefing' co'n- 
fereKce awards cTesigned to inform 
newly, eligible institution^ of the 
programs, and 53 grahts to individual 
science faculty members at 26 minori- 
ty institutions for ifTTn^TTng scienfifTc \> 

, research . / ' * 



Science Education DevelopmenI and Research^ 



The science education development 
and research programs assist m the 
improvement of teachirji and learn- 
ing thjough suf?port for' thj| develop- 
ment, evaluation, arid use of in- 
novative instructional technologies. 
^^»achin'g metho^K, ^nd course 
giaterials to increase the quality, cosl- 
cffective^ness. 'and curreritness of* 
'^lence- education "^at 'all levels * 

Several ,kinds^ X)f projects were 
supported during fisc4l ytar 1976' A 
number of them in\'olve th^ develop- 
jng -.nj testiVift of new materials for ^ 
use' in elementary and secondary 
slhool ^Litntt;, Lourscs These 
mjtcr^als help prepare students for 
more advanced work in scientific and 
technological f^^lds an5 also provide 



sciejice literacy for the much larger 
number of students who need a 
thorough understanding of science to* 
function effectively in a' technolog-' 
ically sophisticated scKiety 

Qther projects are intended to 
irnpr'ove science' education- at the 
college level instructional/ ma^tenals 
were developed', innovative delivery 
ftiodes were tested, and new curricula 
were designed to improve the 
capability of colleges and/ universities ' 
to educate scientists and 'engineers 
y ^rants were also made to identify 
more effective ways to deliver con- 
t-mi^mg education to practicing sci-en- 
tists and engineers Finally, several 
-investigators ;;^rc seeking tp flevelqp ' 
com|J^ttr-based instructional sy9i«ms^ 

■ ■ ' > 
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$cttnc«Jducttion Development and Research 
fiscal Year 1^76 and Transition Quarter (July 1-Sept. 30, 1976) 



ffial Yetf 1976 



Tnnsrtwn Qmrtgr 



Proposiis 
Nufnbef ikmount 



Awif(}s 
Numter Amount 



Number . Amount 



Pre^:«Me|e Materials Devciopm^nt 

Testmi and Ev^luabon 
Aat^Ubvfe m Hifhef -Edixafeofl 
ScMce and En^neermi Teci>nic«l 

£duc4bon 
ContMitMni Educibon iot Saenbsts 

and En^neefs 
Te^motovcai bmovabpn m EducjOOn 
""Speciai Studtts and Eipenmemal 

Projects 




$2 Ml SS4 



in-service and Instructional resourc?^ 
materiab ^from' wWh teachers of' 
mathematics can , select to extend 
their Qwn knowledge and to increase 
the flexibility bf the j^rning environ- 
ment for their students Th^e 
materials, suitable foriuse at Ithe , 
middle-school level, tr^at such top^ics 
las ^ "measurement and the - metric 
(system" and /'relatio/is and graphs/' 
A group led by Watson M. Laefech 
of the Lawrence Hall of Science at the 
University of California, Berkeley, is 
designing instruction^ai strategiek^-^^ 
teaching biology through outdoor 



tliat ultimately can make m- 
' (drvidualized mstruction available at 
costs that are competitive with con- 
ventiorvat instructional -systenns. 

F^re-Colleg^ Materials' ^ 
Develoi^hient, Testing, and 
Evaluation - 

Fiscal year^lP76 was a time for ^ 
intensive reviei^y and 'reev^luation of' 
jthis program an(l its achievements 
and ongQMi'g rationale. FoHowing the 
solicitation of nom^atiQn^ froA 
Virtually every interested professional* 
and civic organization "in the Nation, 
73' experts convened in^Washmgton , 
in Decttffcber 1^75 for a, ^week's , 
exhaustive study of , the products of 

^ 19 FouBdation*-s(fpported • prO^cts 
They submitted extensive comrneftts^ 
criticisms, and recommendations 
'These reviews provided a basis for, 
NSFs support for the contmuation or 
completion of;SCver4 projects' for* 

^example, farle'L Lomon of Education 
Development Center received a grant * 
to complete tl;ie development and 
classroorh testing of instructional * 
units that ttach mathe^rl^tics and 
science to elementary WhooJ children - 
by engaging ' them in invebti^ation-s 
into a variety tjf practical problems A 
project at the University bf Oregon, 
diferted by Alan Hoffer, is d^yelopir^g 




Junior high tciencfj Students \n Los Angeles wOrk on'a uriit Ot the* widely used 
!ntermediate*Science Curricbrum Study, a series of science oour^s devejoped with 
NSF suDport ' ^ / , . , 
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.Activities The American Psy- 
cholcJjgical. Associat)on received a 
grant to continue the deveiopmerrt of 
a course on human behav\pr The 
project, staff, led by )ohn Bafe oi 
Carleton College, 'is' producing 
modular units for use in secondary 
school psychology courSes The Foun- 
dation IS also supf)orting the develop- 
ment of a high school course in 
American government by the 
American Political Science Associa- 
tion in a project directed by Howard 
Mehlinger ^ 

One newly funded project may 
prove to typify the more discrete 
targeting of fpndm^.that is expected 
to be the program's rule m the 
•future Increasin'g 'scholarly .accept- 
ance of the principles of plate tec- 
tonics has tra^isformed the science of 
geology during the past decade, 
outtlating virtu<iH>^ all teaching of 
earth science Under the direction of 
the Preside/tt of the National As^ocia- 

■ tion of Geology Teachers, Edwilr$l C 
Stoever, Jr" t^nrversity of-OklBhomar/ 
cla?sropm teachers, researchers 
knowledgeable in crustal evolution, 
and support personnel at $ix collie- 
based development centers will 
produce approximately 30 supple- 
mental instructional units in areas 
where the impact of recent discov- 
eries has chahged what needs to be 
taught at mtrbductofy-level courtes 

Also supported in 1^76 was aT 
further test of the thesis that science 
museums need not be staid nor 
musty, but function best.. when 
visitors ''can integrate learning ^nd 
en)oyment" as they " ■» share and 
feel at hoqie with the cumulative and 
jncrea^ingly coherent awareness i^ii 
nature that is th^ traditfonaf harvest 
"of scientists" '\ FranTc Op'pen- 
Kein)er, Director of -the San frarl* 
Cisco-based Ex^loratorium since 196^, 
has s^ught-^o rnak;P d{<ir()venng the 

» jnuseum "like 'stumbling into the 
helly iiC a gianf Ah^lt w^ere some 
m*d «(\t^rft!*;^ ha<; found a h6me " A 
recent award wi^I test. his i^of^on that 
scienc^ museums are. nVist effective 



when they are places where^'pegple 

*not only learn, but do so ,as they 
'•participate— touch, pound, open, pull 
on, look through, listen. to, screech at, 
.and c4imb thropgh" the exhibitions 
In addition, three contracts • have 
been let to produce objective needs 
analyses In relevant aspects of pre- 
coliege science education The award- 
ing of jnajor grants to develop new 
pre-college curricula has been 
suspended until these ^finding can be 
con^id^red 



Alternatives in Higher 
€dyication . 

Projects in' this category are de- 
signed to\increase the educational 
options a^vailable to Aeople whojpiust 
use scienge and engmeering in their 
work/ 'as well thosa who are going 
into academic or industrial science 
careers In fiscal year 1976 the 
program continued to focus on the 

"dt^veiopmeiit -of naatermk for ex- 
perimental •courses, and for programs 
dealing v^'ith new areas of science, on 
new m^es of delivering science 
instruction, on the .development of 
alternatives to traditional'science and 
engineering degree programs, and.on 
the development of prototype pro-, 
grams for'future technicians w,ho wiH 
serve as assistants to scientists and 
engineers 

Updating of many college-level 
science c<5urses is ham^pered by at 
least ,two f/^tors most college 

'professors have insufficient time to 
work into their classroom presen- 
tatK^ns all the new materials and 
discoveries needed to keep their 
instruction curr^t^ and some are too 
overk^aded or too remote from the 
professional mafnstream ev^n to keep 
abreast of all 4he highly specfalired' 
content their lourses should include 
Since virtually every .decision ^s to 
whaf will be taught to a given college 
class IS* made by tlie •professor 'who 
presidcb over^ ihat classroom, dis- 
tritution 'systeips " for curric+jl^fc 



J 

,mate rials must be designed with 
*. adequate*3ttention to the structure of 
that syste.m if they are to be effective 
This program, accordingly, is*con- 
ductmg several — concjafrent ex- 
periments to provide additional in- 
sights into what influences the choice 
of _ips fractional materials in the 
scientific and engineering disciplines 
Several new projects are illustrative 
of these experiments Colin Moodie 
of Purdue Uriiversity is developing 
and testing Pva^ri^ty of educational 
materials- relevant to production 
engineering The American Univer- 
sities Field.Staff has already produced 
25 filrna. tracing themes *such as the 
role 6f vwmen through different 
cultures Now Norman Miller is 
directing the development and testing 
of essays designed to afeist students 
enrolled in variotis ^college social 
science courses to derive maximum 
benefit fromr viewing the films 
Finally, the Education Development 
Cehter iS developing modufar instruc- 
tional units on topics in mathematics* 
^ for use bi^ science students A /najor 
goal of tlWproject, which will show 
the applications of matherrtatics to 
problems in the- natural and social 
sciences, . is to devise procedures 
through which such, units can be 
generated, reviewed, catalogued, and 
r^ri^ved for use by faculty members 
a^ part of their regular professional 
duties 

At the University of Illinois, Paul 
Handler and his* colleagties are 
prepanng^nstruptional units'on pop- 
. ulation and its effect on the social and 
' economic well^bemg of the peoples ot* 
the world These new units, along 
. with specifications ifor the storage 
and retrieval of existing demographic 
data in a variety of computerized d^ta 
banks, will make it possible for%)gal 
and physical science instructors in 
other colleges and universities - to 
incorporafe \4p-t0-date material - on 
p^^pulation-relatecf issues into their 
courses Also, the American Society 
for Microbiology 15 intensifymg its 
' effortSj^to improve and diversify the 



ERLC 



a 



9i 



aO . SCJENCE EDUCATION a *. 



^^^^^ 



array of teaching \aids_ available to 
instructors of courses in 'micro- 
biology 4 

Othet projects are focusing oti. 
making iipprOf^ennefits m the'teaching 
process *lohn jV Allan, III and J ] 
Lagowski 4t the University of Texas 
Austin are completing a 4-year 
dy of the impact of cqmputer- 
ased instruction at ,a large univer- 
sity Previous support had enabled 
instructors in many different dis- 
ciplines' to use interactive terminals, 
interactive graphitb, laboratory data • 
acquisition and process control, mark- 
*nse grading, real-time vtdeo projec- 
tion, and terminal-controlled video 
arwi slides in their courses, ^t the 
university of Chica^, William D 
Cattison has been organizing teaching 
developmen^t programs< for doctoral 
'students m geography, and the 
Association for, American Geogr^a- 
pheri5^ds d^su'nieJ responsibility for 
extencMng educational reform in the 
te^c^^ing geography throughout 
the, undergraduate and pre-college 
levelr' 

The alternative* in higher educa- 
tion progra^n has also s-upported a 
number of proiects aimed • at 
geiRTati^g new curricula For exarr- 
ple. the University of Vlichigan and 
Mas5athu?eU*i Institute of Tech; 
nolbgy are cooperating in designmg 
Arrd trs'tip^g ^ pfj^r^irt for introducing 

j Jhe latest computer-aided methods of 
designing ships^inh'j theij programs in 

' n^A\ archhpcrurp, Northwestern 
yniversitv is experimenting with a 
novel pbr. inr providing up:dergrad- 
Uate science students with enough^ 
balance/ m the major sconce dis- 
ciplines to permit »each candidate to 
select either ^graduate v.-ork .in any 
one of several diHerent f^eld^ or 
ern^loyment in an "interdisciplinary 
area ftec^u=^e this^roict directed by 
I^o'bert C Speecf, wiil^dmit onjy very 
able students, graduation after 3 

^ yeah* will be possible ^for som£?.^e^.'eri 
though the oourses will be rigorous 
an4 thorough 



Science arid Engineering 
Technician Education 

Program ~ 

Proposals -to develop artd test 
curricular programs for training 
technicians to contribute to. research 
development in specific subfields of 
science and engineering v^^re re- , 
viewed this past year by a panel of 
evpertS/ which made several recom- 
tnendations^ for awards Typical of 
these IS a project at Oklahoma State 
University fer the development of a 
mtxiel program for the training of 
electrical technicianrs with special 
'expertise m power engineering A 
very different -activity is being led by 
Robert Tinker of Springfield- 
Technical Community- College, which 
IS developing improved materials for 
bas'ic courses ' in physics and 
mathematics suitable for a wide range 
of prospective technicians * 
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Continuing Education for 
Scientists and Engineers 

While no'major new projects in the 
deiivep' of contrnuing education to 
scientists and engineers were ini- 
tiated 'during 1976, ^everal projects 
started the p,reviaj^year contmued 
their efforts -Ty^^jBlpf th'ese is the^ 
^ work of Jack MjRishian at \he 
University of Soum^rn California, 
where he and his colt^^ue> have 
been developing materials for coufses 
offered on closed-circuit television 
The courses are available at off- 
• campus sites conveniently located 
wUh respect to (he aerospace m- 
dustries 'where the intended 
lyengineering students ^are employed 
An innovative feature of jhis^. system 
IS the inclusion of opportunities for 
the students-at their various remote 
lot tit Tone, to* intrratU v.a aiTdio 
■ fhannel with the ipstructor on the 
campus 'while the lecture is* < in 
progres* 



Techndlogical Innovation 
m Education 

. _ _ . s_ 

During ' the past several "years,^ 
support has been provided for several 
experimental^ computer-based sys- 
tetns of instruction Fis'<i|l y^ar 1976 
saw a' phasing "out of'iarge-scale ^ 

.support for system, development aijd 
the beginning of a greater empha&ir . 
on how the Computer can be used tg 
improve learning, the development of 
computer courseware, and in- 
vestigations into the <ost-effec- 
tiveness of comp>rter-based instruc- 
tion Terminal grants- were made Jo 
tlifiJJniversity of Illinois in support of 
the PLATO system, to the Mitre 
Corporation to complete development 
of the TICCIT system/ and to the 
Educational TesKng Service for the 
evalfttion of these systems 
Research^ into the -role the^ com-* 

"puter can play in facilitating Warning is 
be^,ng conducted b.y Seymour Papert at 
MIT Papert teaches young children to 
program mechanical devices and com- 
puters to run mazes, draw diagrams, 
and solve problems, and then studies 
how these talents affect the students' 
motivation fpr further activities an<^ 
the numerical and verbai skills they 
display m performing basic tasks At 
the yniv#rsity of/^alifornia; Irvine^ 
Alfred Bork is 'developing irtstruc- 
tional mater^U thAt ex.ploit thegraph- 
ical capabilities of .a compter and 
testing them on relatively large 
numbers of students who are enrolled 
in various ^^hysics course^. Detailed 
records are kept of how rrfany students 
use the materials, the* times and cir- 
cumstarices characteristic of their 
uses, and the nature of assistance the 
students seek and receive At Sfan- 
ford^ ^University, Patrick Suppes is 
directing inyesthgations into the use of 
the corciputer ^s a language processor 
Included .ifi this work arre efforts to 
explore the potential of computer-gen- 
crated speech' and -the possibility of 
"teachmg.readmg more effectively by 

. combining ^dio materials^ and com- 
puter-assisted instruction techniques 



SCIENCE EDUCATION 81 



Science and Society 



Severaj different 'activities were 
consolidated into a new science and 
society program in 1976 to pr^vid^ a 
focur for i^ues arising out of the 
changing relationships between the 
si^rientific and technological com- 
munities and the society of which 

^they are part The increased 
specialization and institutionalization 
of science and technology and their 
pervasive influence on contemporary 
Jife have added to a growing concern 
about the ethical implications and 
social consequences of these "ac- 
tivities The problem oF^^jj^ountabili- 
ty" has emerged as a. central social 
i^sue affecting science no less than 
government, business, education, and 
ofcr other major institu'tlohs It is the 
distinctive task of t^e science and 
society fJTogram to tr>^o bring about 
greater understanding of these 
changes and p/oblems. both among 
the general public and within the 
scientific ^and technological cpm- , 
munities* themselves 

How do the activities of scientists 
affect our lives^ How and by whom 
are decisions ^ made abou^ the direc- 
tion of scientific activities and the 
resources invested in them, and how 
^ould these decisions be made in a 

^ dem^atic society? Against what 
ethical and social standards can 'and 



shoyld they be judged'' How^ can 
Citizens who are not scientists par-» 
ticipate effectively in public policy 
decisions with important scientific 
•and technological components'* Each 
of the programs^ approaches these 
difficult and perplexing questions in a 
different way 



Science for 'Citizens ' 

Authorized by Congress in fiscaL 
year 1976. the science for Citizens 
program seeks- 

• To facilitate the participation of 
scientists and nonscieatists in 
the processes^* by which pi^lic 

^policy issues with significant 
scientific and technological com* 
ponents are 'resolved 

' * To ^n^ble citizens, individually 
and colfpctiN^ly. to identify and 

* secure scientific .and technfcal 
information th^l will i^nabie 

* them to deal more effectively 
with issues of pubhc policy 

• To establish effective dialogues 
f between citizen5i-^n|( scientists. 

eape^ally at Ibtal^^anp tortimuni 
'evels. , t^^i ' ' 

nsed ^T^utiJi^pf^d^ 



ty , (?y 
mcrrns 



lead to, 
rstandingv 



Table 8 * » , * 
Scitnce and Society 
Fiscal Ytar 1976 and Transition Quart«r^(July 10. 1976) 
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IhiMc Und«rttjr>ding of ^tefKe 
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$1&200.000 
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Awards^ * 
44ufflb^ Amount 

1 $ 27 741 

1 _ 172,448 
f > S200.231 



" In response to the Congressional 
mandate to seek ^broad pCibjiC "par- 
ticipation in the developraent of the 
program. NSF ^onsored seven 
regional forums tn Decennk>er 1975 
prior to submitting a program plan to 
Congress" Over 1,400 j3ersons con- 
tributed to the plaattng process, 
induding private ritiz^R and public 
officials, persons from business, in- 
dustry, labor, ^nd consulting firms, 
directors, staff, and volunteers in 
science museums and centers; and 
f^presentatives of public interest 
grojjps and j>rofessional societies The 
report to Congress offered nine 
program- options^ ^ 

Ethical and Human Value 
Implications of Science 
arid Technology (EHVIST) 



The ethical 
1 m plica t/ons 



and 
oi 



hunrwin 
science 



Value 
and 



technology program was established 
in 1975 and deals with^such ffuestions 

as , 

/ 

• The ethical problem's and con- 
flicts g^>ncrated by^scienlific and 
technologicah •developments, as 

they ciffcct bo-th the Vicprtific 
comrrurvfty and the la/ger socie- 

• The ^impact of changing ethicarl 
and sociaP standards on the 
scientific and technological 
enterprise, includm^g the issues 
raibed in establishing re^arch 
priontie's and in regulating' the 
conduct of research 

• The ethical issues and problems 
tliat aVisf within science ajid 
technalwgy. including Jhose en- 
countered ty scientists a^yd 
engineers 'in their professional^ 
capacities % ^ 

• The,, processes qf interaction 
bet^Veen science and society that 
generate value conflicts and 

'4 - those that may lead * to their 
resolution* ^ 
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- In 1976 the program supported 
experimentttl yistitutes apd work- 
shops, national and mjernational con- 
• ferences a nd symposia, in terdiscipli** 
nary research, and the preparation of 
refere^ice materials y^Several awards 
were mad^ jointly by ~the ' EHVIST 
program and the Nat^vonai Endow- 
ment for ,the Humanities, mcludrng** 
one to ^tipport an experimental 
institute on'ethical theory for scien- 

, tjsts and engineers interei»ted \n 
teaching and r^esearch pn the subject, 
and another to i?upport an mter- 
dt^CKplinary workshop to deingn an 
agenda for studvihg the relationship 
of American values- to alternative 
typesF of human hvmg er>virJnments 
A number of awards went to studies 
of the ethical issues arising in partic- 
ular-cases_ 6f scieintific research or out 
of particular forms of technological 
development Some of these proj'ectb 
focus orl^^envirotimental issues ,and 



others on the ir^t'eractions between 
individual ^nd^ social values and 
scientific and technological develop-, 
ment One project, for exanlple, deals 
with the ethical questions surround- 
'ing the dismi^al of three engineers 
employed by a rapid -trartsit district 
who voiCedr^their cOncern-about the 
potential safety of the automatic train 
control sys^e^m » 

Fiscal ye^ I'^To marks the'second 
year of a project to collect and make 
'accessible all^printed ^j^d oral history 
materials on the development of th^ 
controversial recombircant DNA 
research g'uidelines and on the events 
that followed The 'prdjTam also 
funded conferences, wc^rksl^ops, and 
svmposia to begin th^ process of 
^e-thic 

those conduc'tmg research on human 
tissue cultyres and^ on " humaq 
reproductive bitiiogy (jointly funde^J 



with the'National InstiUit^of Mental 
HealthT- Computer xscitntists and' 
psychologists at work in,lhe cunvnal 
justice system will al^ b^onsidering 
the development of ethical guidelines 
.at miri^hops funded by the program 



developm^:^e-thRal guidelines for 
scientists in /s^^ral fields, ip^dmg 



in 



Public Understanding 
* of Science . 

This program directs its activities 
toward increasing public understand- 
ing of the social and intellectual 
processes underlyifig science and 
technology and of tl>e scientific and 
technological components of public 
policy issues The program supports 
projects that make use of a variety of 
communication channels incfuding, 
.for example, television and other 
mass media, museum exhibits, lec- 
tures conferences, forums, and scien- 



Hittpry of recombinant DNA guidelines. The MIT Technoiogy Studies Program is compiling a QpHection historical materials 
relatmg to the ongoing debate (such as this worktng session of stfentists at the 1975 Asilomar Conference) over recombinant 
DNA research (Photo by Andrew Stern for Nat'ionai Academy* of Sciences ) 
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Saturday momii»g Mtvition. With^SF support, a series of science "Closeups" has 
been prepar^Jor use on network television during children's sftows In each 
segmer^t Mr Wi2a?d pjfesents a ve>y^cjos* vfew of some familiar science-related 
object Children are challenged jo guess the object while they are told a bit of the 
science backgrourvd 



tific jourii^ism and peWj^tion. 
Given tb^ diversity of backgrounds, 
educajtYon^ and interests of Amer^can 
citizens, some projects are aimed at 
special audiences, such ai minority 
gr9ups, rural populations, pernor 
ntizens, and union members Recent 
projects include: ^ 'r, * 

pppular public televi- 
sion science program now reaches «ari 
aud)ehce' estimated at four tc^^ven 
m"iIIiohv tiewecs each week. During 
the current season it p-resented 
programs -cm topics ranging from 
genetics an^ astronomy- ito energy 
and insecticides. * * 

Science fj?f Iqcal TV news A eroup at 
the Massachusetts Insti^te ,of 
Technology is ejcploring a new'ap^ 
proacfi^o disseminating sconce 4i>for-' 
matjon through Ibcal TV news {uro- 
grams A series , of; brfef films on 
world food problems^ will be tested 
this year; if feuccessfyl, the project 
'could become the basis for a new 
science news service 

Public awareness program The coun- 
try's largest stientific society, the 
American Association for^tlie Ad- 
vancement of Science, has beguli a 
comprehensive program including 
regional seminars about science apd 
technology, mass media irrternships 
and workshops to improve science 
reporting, and a science fifhi review- 
ing service ^ ^ * 

Asironomy m the parks The Akiepican 
Astronomical 'Society and ^tf^e 
Nationa^ark Service hate brg'un a 
program in Whi^h park rangers and 
natufi!ists i^ach visitors about \he 
stars and the universe as- well as the 
ocal ecology and geology 

T/rp Chrisftna^ lectures For the past 6 
yea^rs, several Chicago universities 
have cooperated to present a series of 
public lectures by world famous 
scientists who discuss the frontiers of 
s^ieilce in ia^ t(?rms ^ * 

Orient for r^jjdrcn^ ^tclcviiion 
Television's Mr Wizar^ins proJucing 
a sehes of 3iJ-second science*' 
segments to \)e incorporated in corp- 
mcrcial thJdrcn's TV programs 
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Research Applied To 
National Needs 




NSF established the Research 
Applied to National Needs 
'(RANN) program m. I<i71» to 
bring' the resources of science and 
teCjhnology to bear on selected impbr- 
tant national problems To do this, 
the J^ANN program acts to . * 

I 

• Identi^ national heeds that are 
not bein^ add fussed b\ existijig 
research agencies, provide early 
warning of ^ot^ntial natiotial 
problems, and mifiate asst^ss- 
mepts and research that ad- 
dress th^se needs and problems 

' • Increase the effective use of 
, ' science and technology ^in deal- 
ing with national problems 

• Shorten the Jeadtime bettveen 
basic .scientific discoveries and 

^ relevant practical applications 
and serve as a bridge between 
the Foundation's basic research 

• programs apd the development,, 
demonstration, and op^ra^tional 
programs of Federal miss'ion 
agencies' State 'and local 
governments, and industry . ' 

• Assure the* communication and» 
use of the research result^ ^ 

In furtherance *of these goak, and 
reflecting changing natronal 
priorities, RANN* reorganized its* 
activities m fiscal year 1976 to focu^ 
on the following five ma)or areas 

R^sc?Mrre5— ,6 tra teg tes and n'ew 
I technologies that will make possible 
more effective use of Denewable--4nd 



nonrenewable resources ^in the 
na-tional interest 

Environment — enhancement of the 
Nation's capac;ty to mitigate environ- 
mental hazards, whether natural or 
manmade 

Prof/Mrffrj/y — policy research and 
development of new technologies tp 
help improve the productivity of the 
public and privat^^sectors ,of the 
'economy 

Explfrator^ Research and Technotogy 
/^ssfsympn/— research and assessment 
to provide be^er urfdefstanding of 
'the long-range social, environmental, 
and economic impact of new 
technology applications, a'nd to iden- 
tify and* analyze emerging national 
problems that may 'be avoided or 
ameliora.ted by effective application of 
science and technology • 
Intergovernmental Science and Public 



Tfc/incj/o^fc— integration of science and 



technology as an essential resource 
into the policy and program planning 
and execution activities of. State and 
' local governments, .and test and 
evaluation of selected incentives that 
the Federal Government may proper- 
ly and effectively use to increase 
R&D investment in the jfrivate sector 
where new technology is needed in^ 
the national interest 

During fiscal year 1976, the further 
phase-down of energy research in 
RANN continued as the Energy 
Research and.' Development Ad- 
ministration enlarged its energy R&D 
efforts This phase-down included a 
transfer of ^ teclinical oversight 
responsibility for 125 projects being 
supported at a level of over 
$21,000,000 in fossil energy, energy 
conservation, solar energy, and 
geothermal, energy 



' Table 9 
Research Applied to National Needs 
Fiscal Yetrs 1974. 1975. 1976 
and Transition Quarter (July 1-Sept. 30. 1976) 

(Dollars m Millions) 





Fiscal Year 1974 * 


fiscal Year ^1975 . 


Fiscal Year 1976 


Transition Quarter 


Number 


Amount 


Number 


Amount 


Number 


Amount 


Number 


Amount 


Resources* 
EnvtrofimJUi* 


228 
169" 


$29 72 . 

25 85 . 


*?98 

170 


S3884 


159 
196 


'$1520 
26^8 


38 
S8 


^326 
6 38 


Productivity * 


135 


15 71 


164 






24 11' 


50 


636 


Iritergovernmental Sci«r)ce arid R&D 














Iricentivs 


26* 


09^* 


5! 


- 284 


67 


434 


18 


1 01 


Expiorf Ofy Research arid » 


















Technology Assessment 




3 80 . 


17 


_ J21 




r 140 


2 _ 


041 


ToUl 


615 


176 04 


JX. 


SI3 S9 


637' 


$72lf^ ^ 


166 


$17 42 



* The R&D locentives Program was nof mclMed m (7ANN m Fiscal Year 1974 
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RAMN looks to small busmess, 
with' Its history of innovation and 
new ^chnology .development, as an 
important participant in its resea^-ch 
programs This invo'vement with 
small busmess was increased in 1976 
through a 2-day RANN National 
Small Business Conference held in 
Washington arjcf ■throug'h increased 
awards made* to small business The 
National Small Business Conference 
provided to some 400 small business 



repre^sen tative $ informatioil on 
RANN as well as access to N6F 
program managers and to represent- 
atives of 14 Federal ^vgenqies with 
the largest researc-h and development 
budgets During fiscal, year 1976, 
sonje 56 awards, totaling $5 2 million. 
Were mad^ to snrfall business This 
represented 8 5 percent, of ^ANN's 
funding and exceeded tn^ 5 percent 
minimum leveL required by the. Con- 
gress , 



FtesoUrces 



The problems the United S^tates 
contends with in * developing and 
managing the natural /esources'ij 
needs are complicated^ today by 
increased worldwide demand and 
competition for resources; and by 
inadequate incentives for continued 
technological progress in the produc- . 
tion of many resources The re- 
sources program supports research to- 
'"identify emerging problems and to" 
"^develop alternate policies and 
technical solutions 

Resource isystems. 

The^ resource ^ systenvs progranri, 
through Its focus on system defim- 
* tion, • analysis, .and , evaluation in 
• nonenergy areas, seeks better wa^^s 
^ ' to deal with resource problems ^It 
also prov>des 4 way to intJegr^te the 
) results e?^plorakory research on^ 
renewable and nonrenewable re- 
sources into thib assessment process 
Research on,food resource systems 
has focused on major commodities, 
such *s beef, in order 'to identify and 
assess alternative ways^ ,to provide, 
nutritious products, 'meet food c^ali- 
ty and safety requirements, ^ and 
minimize the ifse of fossil energy and 
other competitive, resource inputs 
Researchers at Colorado State Uni- 
versity have cempleted a data ^fiyen- 



tory of energy and protein-and an 
initial model showing the resources 
needed for six alternative beef 
-production systems m Colorado. 
Work at the University of Kentucky 
has provided preliminary estimati^ of 
the potential for producing red meat 
in areas where forage can be used as^ 
the principal feed And work a-t 
Washington University, St Louis, 
indicates that 6rganic cropping 
methods may offer-^^an economicj^lly 
acceptable alternative to the-energy- 
intensive and resource-consumptive 
conventional /eedlot operations, 
which require grain producecj from 
irngated land 

Re^earch-in other food commodity 
areas, such as the application of 
enzyme technology to the processing 
and storage of dairy products and the 
identification and evaluation of 
management alternatives for fisheries 
in the extended jurisdiction, is ex- 
pected to yield a better understanding 
of ^he consequences.of the introduc- 
tion of new techniques 
^ Research on energy systems has 
continued to develop and evaluate 
improved analytical methods and 
modeling tet^hniques, expand the 
needed dat^ base, and create new 
ways to hblp design, plan, evaluate, 
and implement alternate solutions In 
a number of areas the program has 



supported evaluations of the impacts 
of vanoos technical and policy op- 
tions on ene/gy supply and consump- 
tion Modeling efforts have created a 
fong-range energy supply model, a 
simulation model of the world oil . 
market, an alternative leasing 
strategy evaluation model, and 
models' for better estimation of the 
energy resource ba^e Portions of 
these n!odels have been used by 
several Federal agencies 

Continuing effort is improving 
m-odels to include* t^ impacts of > 
potential environmeKiTal and eco- • 
nomic polity decisions on energy sup- 
ply, and expanding modeling activ-^ ♦ 
ities to'include nonenergy resources 
and ^ their relation to the energy 
supply system Studies of techniques 
to improve the efficient use of energy 
have also been compFeted, includmg 
the effect of alternative'electrical rate 
structures, retr(:^fit. strategies fOr > 
buildings, the use* of underground 
sUuctures, policies to reduce 
automobile gasoline' consumption, 
and end use .energy efficiency iti 
addition, the program has evaluated ^ 
•the effectiveness .of* existing 
legislative measures and developed 
new strategies for a wide range of 
' energy conservation problems 



Renewabte Resources 

* The three high priority areas for 
research ip the renewable resources 
program— biomass utih^tion, in- 
novative biosynthetic tecKaiques, and * 
nonconventiorwil foods— gained their ♦ 
impetus from results of studies such 
as The federal Role in Increastng Produchvt- 
/y of fh^ US food 5y5/^m, and Protein 
Resources and technology, ^ 

Research on biomass utiUzation has 
focused on innovative technologies to 
convert woocf and wood waste to 
industrial chemical Projects started 
in fiscal year 1976 have emphasized . 
biological processes foi* the degrada- 
tion of cellulose and lignin to sugars , 
and aromatic compounds, which can 
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be converted to food and otUef useful 
materials 

H- A ^ major area of research on 
irtnovative biosynthetic techniques is 
biological, ^nitrogen fixation The 
sjn^hesis of ammonia from molecular 
nitrogen m the air by various natural 
biological systems represents fhe 
single predominant contributor of 
"fixed" ^ nitrogen '^on this pfanet 
However, few people^ realize hbw 
extensive this process really is Every 
year * throughout the world, ap- 
proximA^iy 175 ^ million tons of 
natural rwtfoger} ^fertilizer, including 
90 mWfon tons, on ag^ricuitural soil, 
are fixed by micr6f)rganisms, that is, 
• bacterii^and blue-green algae This 
compar^^s with '46 million tons 
produced chemically on a worldwide 
basis, incfuding 9 million tons in the 
United States The manufacture of 
this ;:hemically produced nitrogen 
f^tilrzer requires fossil fuels, a 
r1on/*enewab!e resource of decreasing 
abundance and increasing cost Ob- 
viously, it IS important to investigate 
means to enhance ttie natural ability' 
of nitrogen-fixing microbes m nature 
as a way to reduce our dependence on 
commercial fertilizers 

Nitrogen-fixing microbes contain a 
delicate. feedba(*k mechanism which 
immediately shuts off further 
•nitrogen fixation as soon as sufficient 
ammonia has been synthesized to , 
meet the growth and metabolic 
requirements of the organism Two 
projects were initiated in fiscal year 
1976 to construct mutants. of such 
organisms m which the feedback 
•jnechanism is no longer functional 
Results from both proi^ects have been ' 
highly encouraging 

The project at the University of 
Wisconsin, Madison, has produced 
nvifiants of the nitrogen-fixing soil 
organism AzoPohacter Vinelandii that 
continue to synthesi7e ammonia and 
lexcretc it into the surrounding 
medium -i 
Similarly, the project at the Univer- 
. sity of California, Davis, has con- 
'structed mutants of Klebsiella 




Nitrogen fixer. Nitrogenase enzyme (crystals of which are shown here in a 
rriicrophotograph) occurring naturally m some microbes performs the important job 
of catalyzing the transformation o) molecular nitrogen to ammonia nfeeded for plant 
growth Research projects are ynder wgy to^fmd ways to take advantage of the 
properties* of these microbes to reduce man's need for maatffactured nitrogen 
^fertilisers (Photo 'by Winston Brtll/Univer$jty of Wisconsin ) 



ERLC 



r 



9b 

4 



88 RESEARCH APPLIED TO NATIONAL NEEDS 



i 



^ ^eumoniae and a blue-green -aigae 
, which .also excrete ammonia^ A 
' mutant of K Pneumoniae provided a 
400 to 500 percent increasfe m 
ammonia production over^the j^arent 
strain Blue-green alg^e' are -par- 
ticularfy important since they have 
the ability to use sunlight as a source 
of energy/^nd wat^r as the source of 
l^ydrogen to reduce molecuiar 

• nitrogen -ton ammonia 

In another biosynthetic are^, it has 
heen found at the University ' of» 
Miami that many marine algae oc- 
curring in the* tropical or subtropical 
regions are able' to use the enetgy of 
sunlight to split water and release 
molecular hydrogen—a potential 
ene^y source During fiscal year 
1976, a very active and highly stable 
^ blue-green algae was isolated which 
IS five to eight times more active than 
the best previously known hydrogen- 
producing microbe^ 

Nonconventional food research has 
involved projects in leaf protein, ' 
oilseed protein,' and method^ to 

. overcome barriers that inhibit the use 
of new p^-otein resources A project 
initiated at the University of Wiscon- 
sin has produced significant progress . 
' m developing a system to harvest and 
process forage The system will 

' minimize field losses, ma-Kimize 
nutrifht use, and allow ffirmerf to 
harvest frheir crops when they are at 
the height of nutritional quality, 
.Without interruptipn by poor 
weather The traditional means to 
harvest alfalfa require^ drying, the 
crop m the field until it reaches a low 
enough level o( moisture for it to be 

• ;9tored .irt -the silo This is usually 

accompaniecU)y huge losses', up to 25 
percent of dry matter and feed 
nutriertt In afea^ where there is 
frequent rainfail in the early summer, 
the entire first cutting is often lost A 
conservative estinriate' indicates that 
losses incurred througl|out the' Na- 
tion during the harvesting of (ust one 
crop, alfalfa, exceed $400 million 
annually If successful, this Research 

erIc - . 



coiild eastly reduce the loss by ^t Jeast 
50 percent . ' , * 

The Tack of an .accepted ' rapid 
methq^ to assess the protein quality 
of foods IS a mafor.problem facing the 
food incfustry, regulatory r-agencies, 
anc4 r^sea^i;chers m food techn61ogy, , 
nutrition, ^ axid plant breedirig It js 
also a ma)pr obstacle to the use of 
novel sources of pro<ein m food 
products The problem has become 
acute* m recent years because of the 
demands for* nutritional labelihg on 
.processed foods and growing con- 
sumer interests in, the quality of air 
foods At present, the only methtod ^ 
acceptable to the regulatory agencies 
for determining protein quality is the 
protein efficiency ratio (PER) test. It 
IS an expensive {$225 to $300, per 
sample) and time-ccinsuming {mini- 
mum of 28 days) procedure using rats 
ah the assay organism, and there is no 
substitute as yej; for it m the quality 
tontrol'of proccb^ed food products 

However, the University 'of 
Nebraska is attempting to develop a 
method \.to predict the nutVitional 
quality, at/H:6mbinations of proteins 
us^d in food- fortification .They have 
found that an in vitro enzymatic 
digestion procedure shows promise as 
' a means to pre'dict the jvotein 
eff4cienc» ratio of a given source of 
protein It is hoped 'that with ad- 
ditional refinement-s, such as meas- 
urements on the rate of liberation of 
essential amino acids (eg lysine and 
methionine) and on the re^ons^e.of 
jhe digest in supporting the growth 
of a single cell pnofozoan, a rapid and 
inexpensive methodology can be 
developed 

Nonrenewable Resdur^es 

,^o "provide timely technical and 
econonriic .options to strengthen the 
Nation's'long-term mineral resource 
posture while achieving its social, 
environmental, economic, and conser- 
vation goals, this program supports 
research in mineral market behavior 
and shortage^, resource conservation. 



and advanced prc^cessing" technol- 
ogies , 

The mineral market behavior pro- 
gram focuses on investment be- . • 
havior in a number of mineral in-*: 
dustries, evaluation of alternative; 
measures of resource scarcity, and- 
international aspects of mineral trad^e? 
and worldwide mineral demand* 
Studies on investment behavior werf 
recently completed for tlje..zinc anil 
nickel industries In the zinc industry," 
the combined impact of the U.S. zinc 
stockpile, tanff, and quota p^olicies 
were shown to adversely affect 
investment in the domestic indu$tr/r 
-In the area of resource scarcity, 'it 
was concluded that 'the most com- ^ 
monly cited measure of resource 
scarcity, unit cost, vs such an am- 
biguous indicator of scarcity that ir^' . 
should not be u$ed' Among ' rts * 
deficiencies are the fact that the index 
Is a lagging, not a leading, indicator, 
Jhai It reveals nothing abQUt future 
'costs of extraction, and that it .does 
not warn of impending physrcal ex- 
haustion / / 

In the field of advancJpd pifcessing • 
technologies'. Milton Wadsworth, • 
University 'of Utah, combined forces 
"witTi the ^ M'artin Marietta 
Laboratories inVBaltimore, tvid , to 
search for al^rnative ^hnethods .to', 
process'- relatively small deposits of 
low grade copper ores Such deposits 
are not currently being^ used for^ a 
numbeV of environmental,, and ^ 
economic reasons associated with 
scale of operations After exafninihg a 
number <^f alternatives, they have 
narroWetJ their research 'to an acid 
ferric Sulfate leach process A 
chalcopy'nte {copper ore> concentrate^ * 
IS ground to less than 1 -micron size , 
- in an "attritor" prior tp' multistage 
leaching A key feature resulting 
from grinding in the attntor is that 
for a giv^n energy input, up to twice - 
as mpch copper can be leached as is 
realised, by conventional ball milling. 
•GolJ,. silver, an3" sulfur may be ' 
recovered byproducts of the 

proceat, an^ the sulfur^ produced is 
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tHe equivalent m purity to distilled ' $020 per ton of copper f6r a 45,000- 
sulfur Preliminary economic es- ton-per-year plant This \ompares 
^imates by Martin Marietta -with $^500 per ton For a conven- 
Laboratories show an investment of . tiunal 130,000-ton-per-year plant 



Environment 



^ANN environmental programs 
ai^ directed toward the improvement* 
of scientific bases for the mitigation 
i$i major environ-mental hazards and 
;^he rational mar^agement of environ- 
menta4 resource^^ Ultimately, the 
results of this research c<^n save lives, 
reduce in)ury and property damage, 
and relieve ecolpgical, social, and 
economic disruption By encom- 
passing both -manmade and natural 
hazards, these programs ' provide 
systematic analyses *of major environ- 
mental hazards This, in turn, permits 
a unified approach to the formulation 
of poli cies i 

In 1^76,' research in RAN'N's en' 
vironenent program was supported in 
seven separate areas H) regional 
environmental rnanagement, (2) en- 
vironmental aTspects »of trace, con- 
tammants, {*3) environmental effects 
of energy, (4) weather modification, 
(S) earthquake engineering, (6) fire 
research, and i?) societal response to 
natural' hazards and 'disasters In^ 
^fiscal year 197b the fire research 
program was transferred, along with 
personnel, jo the Department of 
Commerce Similarly, research under 
the' environmental* effects of energy' 
program was phased out and the new 
Energy- Research and .Devi'elopment 
Administration assumed responsibili- 
ty for it 



^ Regional Envi/onmentdl . 
Management 

t m 

Research supported by this pro- 
gram ^ synthesizes and ev^uates 
procedrfre^ to manage factors that 



^significantly affect the health and 
well-b^lng of humans and the 
region'al ecosystems upon whijch they 
depend Solutions to. profclenfis oj 
regional ecosystem quality req'uire 
consideration at a sca^e siff ficiently 
iap^e to provide measure^ble 
relationships between population 
changes, land use, material, energy, 
and economic factors ► 

During 1976, specific program 
areae were (l) improved economic 
and ecological base^ for environ- 



. mental decisionmaking! (2) methods 
for predicting land- use and other 
secondary consequences of ertvii*dn- 
mental cbiStroI, (3) management of 
residuals from , municipal and indus- 
friai source^,, a-nd {4\ synthesis and 
testing of regional environmental 
nwnagement strategies > 

Scientists at the University of 
California, Davis, . are contiaumg 
their work with the Galifornia Tahee 
Regional Planning Agency in the 

^preparation of a general plan for the 
development of the Lake Tahoel^asm 
The regional plan will correlate land 
use (including water and air re- 
sources), transportation, conserva- 
tion, recreation, and public services 
and facilities ^ 
» Research under the direction of 
John'G, Trump at the Massachusetts 
Institute of Technology has led to the 
design and construction of a facility, 
for determining the feasibility of 




Municipal sludge. Management of sludges produced by the Nation's increasing 
, nuftiber of municipal v/astewater treatment plants is an already large and growing 
problem The Deer Istend Metropolitan Distndt Commission's (Boston) Wastewater 
Treetmen.t Plant is Cooperating with the Massachusetts Institute' of Technology in 
conducting an expferiment to determine the feasibility of using high-energy electrons 
as an economical way to disinfect sludges for s^fe handling ' * 
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using high e*nergy elect ron^ to dis- 
. infect municipal wastevyeter^ sludge 
and tr^ateieffluents Disinfection of 
sludges may be necessary to reduce 
risk of 'infection that may~ be 
associated -^ith placemen^ of sludges 
on ag'ncujturad soil An in-line urtit, 
^located at the Deer Island Wastewater 
Treatment Plant of the Boston Metro- 
politan District Commission, began 
operating m May lP7b The standard, 
high energy electron source installed 
there will deliver^ a dose of 400,000 
rads, which ib anfuipated to.(Pe ade- 
quate for dfsinfectron of up to 100,000 ' 
g^llc^ns of sludge per day The cost of 
electr^)n treatment for disinfection is 
estimated to be in the range of $10 per 
;;dry ton" of sludgt> .When .combined 
with subsequent dij^ect injection of 
sludges into soil a>an additional cost of 
$15 per ton, the total represents ^a 
siibstantiaL.saving.s from the current 
costs of managing sludge, which range 
up to $100' per, dry ton Elect;-on- 
^radiatiort ^treatment yf sludges to 

• achieve disinfection is expected to be 
much l^ss costly thi\n.use of radioac- 
tive kotopes ^uch as Cobalt oO and 
Cesium 137 or - the use of heat 
Indications are that ^^ectron- 

• treatment of the slydges will improve 
their capability for betng dewatered, 
thereby ceducing the cost of trans- 
portation to disposal sites 



Environmental Aspects of 
Trace Contaminaats* 

' ^ The environmental aspects of trace 
contaminants program is concerned 

twith the identifica^tion. quantification, 
and assessment of the impact of the 
spread in the enyjronn^ent 'of haz- 
ardous chemical matermls. both,man- 
m^de ^nd natura^i^y occurring ^ 

" l!Jsing a sensitive new detection 
method called thermal energy 
analysis. NSF-supported scientists at 
Thernno Electron Corporation in 
Waltham. Mass . have found large 
■ amounts of ' nitrbsamines . in eight 
brands of-cutting 91IS that are widely 




Environm^al warning. NSF-supfjQrtecT scientists, using a new method of chembal 
analysis, found that some fortriulationsof cutting fluids, used in metalworking tools 
like this one. contained possibly hazardous amounts: of nitrosammes. a family of 
compounds that are suspected human carcinogens 



u^d in indystpy to reduce friction 
and heat in cutting rpetaH^s 
f^itrosamines. formed from the com- 
bination of nitrites and amines, both 
of vyhich are common in our environ- 
ment, are known to cause cancer in , 
'animals and ar* suspected of causing 
it, in humans David Fine of Thermo 
Electron ha(l previously re|^orted to 
the American ChemicaPSociety that 
nitrosamines routinely contaminate 
several herbicides, including one u^etl 
• on tomato and other food crops *• 
In collaboration with the Harris 
County. Tex. PollutK^n Control De- 
partment, researchers at Washing- 
ton .\jniversity haVe cxjllected efflu- 
ent ^ water- •f'rom ^sever^l ^ pla'^nts 
'discharging jnto ,the Houston Ship 
' Channel and" subjected it to the 
"A.rtie^ test/' a bacterial tes^ for the 
'presence of mutagenic (and probably 
carcinogenic) chemicals Effluents 
from <f pulp plant, an oil refinery, a 
btevl milj, an(J tw^, industrial waste 



f 

treatment plants were studied Of the 
five stKirces te^rted, the blact<. liquor 
from the »pul|p plant was clearly 
negative, effluents from the refinery 
and one irrdustrial was^te ' treatment 
plant were clearly positive and^nust 
be< regarded a^ delivering "presump- 
tive" carcinogens into 'receiving 
waters Results^ from th^ second 
waste treatrnent plant were^order- 
• linc Results from the steel mill ef< 
fluent were* ambigupus, but v\*hen 
separated mto fjve' components b^ 
'thin-layer chromiitography. 4wo ^Hr 
the five were mutagenic and one^y^^^^ 
toxic to the bacteirja Extracts of 
particulate matter from St Louis and 
Chicago air have also beer> sut))ected 
to the • ArtTes t^bt* Mutagenic 
material^ were, definitely present in 
both and morel concentrated in 
material from* the central cities tharr 
in tha^from outlying* areas 
« At tVie University of California. 
Davis, an NSF-supported resea^cfi 
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Smog chemistry. As a way to learft more abouJt the sequences of chemical reactions 
that occur in polluted air, James N Pitts. J r .at th« University of California. Riversidei. 
uses a 200-cubic-foot reacjion chamber 'for simulation experiments. 



group has developed an automated 
methodology for anal/zing aerosol ' 
samples, it has since been adopted for. 
routme use by the 'California Air 
Resources Board This , method ^ is . 
many times faster and about one- - 
fourth the cost of the chief competing 
method, and the \nnuaF saving la 
XTalifornia alone will be about equal 
the cost of the project And in 
southern. Caljfarnii, research at the 
University of California, Riverside, is 
defmmg the chemistry of- the 
phot6chemical smog-forming*process 
The inrtent there is to identify the 
exact roles of the primary pollutants' 
^hydrecarbons, , nitrogen oxides, car- 
bon monoxide, suffur dioxide) that 
react m the air' to form bio^ir^itants 
such as ozor^e The project has 
identified several exotic substances in 
synthetic sntog mixtures that ire 
likely to modify the course of the- 
s mog- forming . process or to' have 
ad^verse health ef/ects It has also 



resolved a major controversy about 
oxidant measurements, which will 
significantly modify the manner ' 
which local authorities declare pollu- 
tion alerts •' 

Environmentaf Effects 
of Energy . 

The. development of .n^^r *new 
technologies to* extracr^ store, 
transport, or convert energy will 
likely require substantial expend- 
itures' of public ancf private funds as 
well as several yeaVs or decades to 
develop During 1976, this prog?am_ 
sought to identify the environmental 
effects of energy de\7elopment and to 
design meWis of 'miniraiztn^ ^the. 
associated environmental damage. 

Research at ^the University of^' 
SotithtHfn* California on the chem- 
istry, fate, and reinov^f of ttntam- 
inants from low and mediurn salinity 
ge.othermal wastewaters indicates 



that most effluents can bemused for 
drinking or 'agricultural purposes if 
only one, two, or at most three 
elements are rertioved — those being 
arsenic, boron, and fluorine 
^Itbough it has been* shown that 

,geothermal waters carry a large 
number of trace metals, only those 
thr^ occur , in amounts consideced 
J||rmful to man in many of the low to 
medium salinity water's 

Research on the I'easibility of usmg 
large artificial islands as locations for 
muFtiplant industrial complexes was 
carried out by the College of Marine 
Studies at the University of Delaware 
with assistance from^Texas A&M 
University, Frederick k ^^arris Inc , 
and Gilbert Associates, Inc. The 
pro)ect evaluated the -economic, 
engineering, legal, and environmental 
possibilities Qf large artificial indus- 

^ trial port ijjlands located off the LT.S* 
Atlantic and (Julf Coasts The initial, 
studies show .that, with known 
techTiology, artificial islands m the 
j-ange of 5,000 to 10,000 acres can' be 
built at a present cost of between $1 
and $2 billion per islar^d Because of 
the scarcity of land available for 
industrial siting and because of^ the 

.proximity of markets, such islands— 
in Spite <3f their cost — a^ear to be 
econocnically feasible off ^ the 
riortheasteoi coast of the United 
States ' . 

Weather -Modification 

The weather modification program 
continues to support^the development 
of improved techniques '^na capabil- 
^■iti^s and to explore the impact of 
weather modification on society Hail 
suppression, precipitation augments- 
Jiort improved weather -for agricul- 
ture, and inadvertent weather 
modification are some of the areas 
being investigated ^ ^ 

* C4tmate and food, a' ^recently conv 
pleted study by the National 
Academy of, Sciences/ N^Honal 
Research* Council on the effects of 
weather and climate on agricultur*a1 
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production,* looked at climatic fluc- 
tuations, Vater and land resourced, 
plan^^ breeding, crbp and livestock 
management, pest management. 
Weather modification, and strategies 
for developing' countries It found 
that v\feather is a primary determi- 
nant 6f agriculture and that weather 
modification offers major economic 
and production benefits 

Project^ METROMEX results' in- 
dicate -that the St Louis urban- 
industrial area is an important source 
dt cloud condensation nuclei, which 
form by the gas-to-particle-c^nver- 
sion of SO, and subi^equent particle 
growth processes These aerosols are 
a major'cpntributor to the 'formation 
of stabh^ ha^e commonly observed 
durtfig air pollution episodes The 
two- to threefold increase i|} frequen- 
cy of precipitation initiation events in 
urban-influenced air is attributed to 
the effect of tt^e increased number of 
large condensation nuclei on ^he 
coalescence (warm rain) process 

Earthquake Engineer4ng 

* This program, ^^EP^fting- research 
to improve our undt^rstanding of the 
physical and societal effects of earth- 
quakes, concentrate^ on. (1) develop- 
ing civil works design procedures 
intorporating disaster-resistant pro- 
visions, (2) investigating the social 
and economic effects of ^rthquakes, 
ancj (3) transferring the ^kfiowled^e 
and procedures to designers, decision- 
makers, public officials, and the 
-general pjiiblic. , 

A group at the University of 
California, Berkeley, doing research 
on soil responses to ^rthqjjakes, has 
developed computer program? widely 
useful in^the design of earthquake- 
i*esistant structures The programs 
are now used, by virtually all 
engineering Qonstiltini? ficms eng-aged 
in earthquake analysis related 'Hi 
construction One ot the programs 
has been adopted by the Structural 
Engineers Association of California 



i 

I|ter^ 

;Offi- 



and IS ^bteing incorporated in 
Uniform Building tode of the I|ter^ 
national Conference of Buildings 
cials And the 'American Association 
State Highway ^ransportaiion 
Officials incorporated stagdard tables 
and curves developed in this rese^Trch 
into Its design codes for bridges, 

Resufts of N$F studies on tsunam^i 
(earthquake-caused waves; behavior' 
^will be used by the Nuclear 
Regulatory Commission in evaluating 
applications for nuclear powerplants 
in coastal areas The. President's 
Council on Environmental Quality 
' has als9 made use of the results of 
these tsunami ' studies to est:imate 
* potential oil spillage due to earth- 
quake l&ffects dn structures .in the 
'Gulf of Alaska and to estimate the 
relative 'frequency of tsunamis on 
various development plans*^i£)ther 
organizations currently us-ing these 
reiJUlts include the U.S. Army Corps* 
of Engineers, Pacific Gas and Eiectric 
Company, and fuget Sound Power 
aneHighfCompany 

Two cooperative agreements ' in 
earthquake > engineeriig with the 
Soviet, Union are now in operation 
The first, on environmental protec- 
tion, provide6 for )oint research 
prt^grams in engineering' seismology 
Pct?|ects are currently under way in 
the areas of strong" ground \anotion 
and*induced seismicity from reWrvo^c 
impoundment The seconds Agree- 
ment, on housing and other cortsiruC- 
tipn, provides for joint research iri the 
seismic design and analysis of struc- 
tures A benefit already received frdjn 
this program is a sophisticated and 
novel approach developed .by the 
Soviet /\cademy of Sciences to es- 
timate bufldmg site seismicity due to 
point, line, and distributed seismic 
sources ■* Their computer progra'ms 
have been implemented -at* the 
Massachusetts Institute of Technol- 
' ogy as , p^rt of a ccrmprehensive 
seismic risk project at the -savings of 
several, man-years of research and 
cc)mputer prc^gram development 



Fire Research 

The objectives of this program,/ 
transferred in 1976 to the Depart-, 
ment of Commerce, were to reduce 
fire^iosseB through the improvement 
of the design of buildings to ,resist 
and contain fires, the improvement of * 
flammability testing procedures, and 
the determination of the 'factors 
leading to more effective fire detec- 
tion and control systems. 

A third in ^ series of bedroom. fire 
tests was conducted jointly by: Har- 
vard University and Factory N/futual 
Research Corporation with the 
cooperation of the Norwood, Mass/» 
Fire" Departnrent The purpose of^ 
these tests IS tto understand the '- 
phenomenon of room involvement/' 
the sudden C^^ange^ from a smaifc 
. localized fire to the siniultaneous 
• Ignition of all the other combustibles 
^n the room The first test; in 1973, 
experienced rapicl fire growth^ cir 
"room involvement,!' 17 minutes 
after ignition, "^he second test, in 
19>t4, using an identical room layout 
but slightly, different materials, ex- 
perienced rapid fire growth in only 7 
minutes ^fter ignition The third test, 
identical in both layout and materials 
. to the second to determine the 
reproducibility of such a realistic full- 
scale test, was the most extensively 
instrumented room fi're test ever run 
"Room involvement" occurred just 20 
seconds sooner than the second 
test, with only minor differencies in 
the preceding flame spread ^It i» 
expected that thesejtests will lead to a 
new approach fire safety standards 
and regulations bas^ on realistic fire 
tests Small-scale flammibility tests 
currently available, unfortunately, 
can lead to unwarranted conclusions 
and the marketing of hai4i;doufc 
materials, albeit unintentionally - 

An elevator simulation investiga- 
tion has shown ,that elevitors, 
, properly equipped, can be used ef- 
ficiently , in the redistribution ^f^^^ 
*pe6ple withm a tall building and Tor 
the movement of people awaw/rom 
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fire ' danger zones through im- 
provements in elevator dispatcher 
logic design ^Simultaneous elevator 
cab assignments to the same floor, 
zones with overlappmg floors/ 
floating cabS; or cabs parked evenly 
throughout the zone may give 
superior means to Ijandle^emergen- * 
cies than the common practice of 
taking ail elevators to the lobby to ^ 
provide for fire fighter transport 

, Societal Response to 
> Natural Hazards 

This program seeks^ to accumulate, 
analyze, and test knowledge about 
individual, org^ni/ational, 'and 4n- 
stituttortal behavior associated with , 
major natural disa&^rs for all rele- 
vant time periods priimpact, impact, 
rescue; relief, restoration, rehabilita- 
tion This body of information will 



permit 'development, and testing of 
procedures, techniques, < • customs, 
structures, and policies for mdivicJuaf 
and 'communify preparation for 
response \o and recovery frOm 
natural disclsters 

The institute of >B£havK)ral Sci-, 
ences of the University of Colorado 
ha^ completed a ' comprehensive 
"Assessment of Research on Natural 
Hazard^" This *study will strvongly^ 
influence future research both at N5F 
and in - other Federal agencies For 
example, a recently established Com- 
munity Preparedness Program iri the - 
National Oceanic a^ Atmospheric 
Admmibtration was ^ in part ^ a 
rt^s^nse -to ,that agency's participa- 
tion in the University of Colorado 
proiect Also, through Mudy of flood 
losses, . this project- developed a 
simulation model that hr'as been 
adopted by the Corps of Engineers 



Advanced Productivity Research and . 

* Technology^ 



• One of the Natfon's most impor- 
tant econorriic problems over the past 
decade has been the declining rate of 
productivity increase The advanced 
productivity research and technology 
piogram provides a siientifK" and 
technical ba5<s to increase productivi- 
ty through research on the effects of 
public ^policies on productivity and on 

^ the better use of human resources, 
technology,* anS capital 

In fiscal year \^7b this program 
emphasized studies to improve 
productivity- in the sJelivery of publa" 
services^ to assess the benefits and 
costs of Federal assistance programs^ 
to State and local governments, to 
analyze the net e(fects*of Federal and 
Staf^ regulation on industry and the^ 
public, and to facilitak' the adoption 
of technology to 4mprOve priva'te 
sector industrial productivity, with 
particular attention to the jomt 
contribution cff mdiislry and univer- 
sities ^ 



Public Sector Productivity ' 

This pro'^ram suppt'Jrts research to 
analyze and measure the effec- 
tiveness-efficiency, and equity of 
public service delivery systems Ma)or 
projects are in the areas of the social 
and economic effects of tglecom- 
munic^tions innovations in providing 
services, the pcUential of technology 
for improving local government 
operations, and the productivity of. 
health delivery systems" through 
improved medical instrumentation 
technologies / .* 

Mn 1^76, the t^able < Television 
Informatioh Center of the Urban 
institute conducted a national si^nvey 
of social service applications of cable 
TV The «tudy demonstr^ed that a 
vast fange of applications has been 
attempte'd over the past 10 years, but 
that purely local initiatives have 
proven very difficult to maintain A 
tomputej' simulation, which models 
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^the costs jof development and demand 
^or yrban~ cable TV (CATV) services 
and' estimates 'the economic conse- 
quences of alternative regulatory 
CATV policies, has been Used hy the/ 
cities of Cleveland and^DeJiroit fo^ 
planning CATV policies Research 
the mocfel, at Johns Hopkms^Unive/"- ' 
sity, was suppGtf-ted by the Foyn£ 
tioil and the Federal Communicatij&n/S 
Commission 

Following a ^^major conference On 
childrert and television, supported by 
the NSF, the Ford Foundation, «and 
the Markle Foundation, imtrated 
support of eight research prefects oh 
the 'social impacts of broadcaVt^jtelevi- 
^sion'in areas including, advertising, 
roie-learning,^ violen'ce, ana^ cultural 
change 

.^During fiscal year 1^76^ ttye Foun- 
datKin supported r-esearc^i 6n alter- 
native organizational arrangements 
by local government for the* delivery 
of four urban service^— police, fire, 
public health,, and / sphd' waste 
management Exten^ve data have- 
been collected on the c^cg^ni^^^^Cial 
and ^K^l -arrangenwnts involved m 
the de^tivery* of me^ services in 
Standard MetropoliJ^an Statistical 
Areas 'of less than/l 5 million popula- 
tion, by fiscal year 1978 case studies 
of the perfori^i^nce of these 
orgvinizational arrangements will be 
completed 

The firs\ phase of a project on 
development of a' productivity meas- 
urement system for State govern- 
ment has been completed It includes 
systems to assess the efficiency and 
^effectiveness of foster* care and 
nursing « home s^erviCes" within the 
State of Washington A subsequent 
phase will, involve evaluating service 
delivery and establishing the 
transferability of /the measurement 
to other Services within •the 



rch on /he deliv*ery of civil 
vices in^^udes studies of how 
can be/ organized more ef- 




uch as 



how/ technologies 
tape and/computers can^nhance 
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iJtrii^ture. behavior, Snd performance 
Mn'^cal year I97b. the Foundation 
ilA|ated research on the impact of 
r^ulation in consumer f mancral serv- • 
> ices, in ground b^ef production, and in 
copper wire processing These awards 
were made to provide better '.un- 
der^tandirrg of the cumulative impact 
of regulation at the Federal. State, and 
local levels on the' price, supply, and 
quality of the goods and services 
produced pr these sectors Such 
information vyHi be useful > to 
regulators, labor, business, artd'public 
interest , g-rbups in making the 
regulatory process more efficient add 
equitable* 

The economic con&equences 
, current ratemaking procedures i 
by public utilities are bemg stu 
and cornpared with alternc 
procedures' which might 
"^under competition. An 
effort at the Rand 
provided the L05 Ang 



m^nt of\Vater and Rb^e/ w^th an 
analytical^basis far the^e&J^blishment 
of new*\esidential/eldttricjty rat^* 
structures 

A two-volume /rob/y Analysis Source 
BooX, prepared, by tfte National Plan- 
ning Association/ was published m 
the U.S. Goyern- 
ffice and|is currently 
_ The, Scmrce Book *con- 
7|0 abstracts ^signifi- 
cirticles. and reports 



*v1arch 1976, 
ment Print^g 
available jTiefe 
tains ab: 
cant^ l?ooK 

concbfn^^ with policy issues and the 
analysis' of social programs, and a list 
of/abXt 775 titles recommend^J hy 
e^p^ts as additional source^ for 
able policy informatiqa T'he» 
rce Book is a comprehensive 
er.ence work that can be available- 
deskside to prpvi3e easy access to 
the contents of many of the most 
useful studies that ass^«s mearfs of 
meeting the "Nation's social goals iand 
Weigh social policy alternatives. 
As part of a nationwide study of 



co'urt productivity without diminish-, 
ing the quality of jusbice delivered, 
and how clients 'can organize more, 
effectively lo acquire legal services In 
the latter area.^the Futures Group of 
Glastonbury, Conn , prodwCed ti 
handbtiok entitled Prepaid Legal, 
.Services How to Start a Plan" and a 
" policy-oriented reference book en- 
titled "Prepaid Legal Services 
Socioeconomic ' Impacts " Th"e 
American Bar Foundation of Chicago, 
111, produced a series uf articles and 
monographs ^dealing - with types of 
legal service plan;?, their organization, 
purpose, and'^regulation ^ ^ 
In * instrumentation Jechnology, 
UniN^ersity of .California, San Fran- 
cisco, researchers constructed a gas^ 
filled, proportional chamber ^camera 
* to show the spatial distribution of 
^ radiopharmaceuticals labeled with 
positron-emitting radjonuclides The 
scientific* announcement of, this 
device was listed as pne of , the 
"Highlights of 1^75".by the Society of 
Nuclear Medicine The camera is 
being used in tests supported by the 
National • Cancer Institufp to in- 
vestigate Its potential for imprcwing 
the' monitoring of patient recovery 
using minimum radialion exposure 



Public Policy 

Public 'pciicy research aims to 
develop sys*tegnatic assessments of 
the effects of public policies on 
national productivity in both the 
public and» private sectors Pr0)e^ts 
are intended to provide timely, rele- 
vant information to assist 4)olicy" ' 
makers in their* deliberations on 
-specific issues Research support, 
emphasizes productivity measure- 
ment, regulation, distribution and 
equity, and^ prrvate-public sector 
relationships *' -) 

Virtuail'Jf all mdustries are subject 
,to bry^d 'regulatory statutes, such ^s 
antitrust laws and the Consumer 
Product Safety Act. and can be 

SUBieCj tp SpeClfl^ regulations* that ^icarnruy ui^jaL/nny , ici.r»^,.H«v '..c, K'— - — J- / " 

may h^ve significant effects on thefr / disab/iitres and also for diagnosing stroke and seqile dementia 
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ivet. At New York Medical ^College, an 8-year-old boy is tested .by a 
"neurometries series to help diagnose whether he has a specific 
disability The tecwiique may prove feasible for early identification of such 
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information systems , and their -im^ 
pacts on title's and counties, the 
Public Policy Research Organization, 
University of CaliTorifia, Irvine, has 
produced tWcJ directories, the Cvunty 
Informahon iysttms Dimtory and 'the 
MUkicipal Infvrmatwn System^' Directory. 
The guide to m-unicipal computerized 
information systems throughout ' the 
United States includes 40j^ cities with , 
po'pulati9ti? of 50,000 or more, and 
the guide to county . computerized 
informat^ion systems mcludes 310 
counties with populations of 100,000 
or more 

A project at «Duke University 'has 
examined some of the issbes raised by 
demographic^ change^, such as the ' 
decreased rate of* population growth" 
and concomitant changes in"^ age 
distributicir^ A central question is the 
relationship, between age structure 
and th^ economic, security of the 
elderly 

A policy report issued by a research 
team at the University of Southern 
California working on the "Cultural 
Context of Aging" is concerned with 
the transportatioH needs of the a 
elderly The report concludes tfiat the 
ejderly have' substantial current 
transportation needs and that a 
demand-response systenx^is probably 
necessary if significant improvement/- 
in transportation service to the 
^elderly is to be provided 

A project at the* University 'of 
Maryland has be^n* invest igatrng 
better ways to determine (ost-benefit 
ratios for product safety standards 
The ?ti3dy concluded that thp size 
range 0-6X sle^pwear flammability' 
standard, used as the exemplar case, 
was a cost-effective m^ans of 
providing protection to the consumer 

Research at the Bram Research 
batoratOry, New York Medical 
College^ has resulted in the develop- 
menf of a new tool to diagnose 
dysfunction 6f the brain The method 
uses fomputer averaging and^inalysis 
of -'the brain waves produced asi a' 
result of ^providing stimuli su^h as 
clicks and light flashes The research 



has focused on the diagnosis of 
learning * disabilities but shows 
promise for the diagnosis' of stroke 
and senile dementia as well fihe 
technique shows" promise for con-* 
siderat'ion in mass screening and early 
identification of. children who will 
develop learning problems, permit- 
, ting remediation oef of ^ the problem 
causes lasting harm to the child 

Pri>^ate 'Sector Productivity 

= The private sector productivity 
program emphasizes studies to iden- 
tify and Jest techncflogies well^ suited 
for productivity improvement in 



i ■ 

? "private 



areas witere the private sector has 
little incentive to invest \t\ research 
Durmg fiscal year 1976, progress 
continued in increasing exc^yation 
rates ^nd reducing costs of subsur- 
face construction Field testing of a - 
water-jet-assisted, tunnel . boring 
machine has been cooipleted by the 
Colorado S<^hool of Mines, and 
designs for irvcorporafion into com- 
mercial units are now being con- 
sidered by industry Ground-probing 
radar was used succtssfuHy l^y, 
ENSCO, Incorporated, Springfield, » 
Va , In a pilot turmel, of th^ 
V^ashington, D.C., Metro,'' to 
delineate ,and locate geological and 




Rock cutter. Research Qn> fvgh-pressu/e water jets mounted on a tupnel-borfflp 
machine has shown them to significantly improve its performancej^Commeraal users 
are assessing the jets for adoption on their boring machines. 
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, hycfrologa features of a n>etamorpbi<^, 
. *rj^ck m^sb at ranges of up to 50 fetft. , 
The Massachusetts Institute of Tet'fiT 
njL)Jogy's hard rotk tunnel-LOS^ rrkock)" 
IS now being used in coniunLtion vvftK 
' the constructioiv of tunnels in .New* 
^Hampshire and Colorado A stu(3y 
was' completed by tke ' N^tionjP 
Acaclemy of Engineering identifying 
the Nation*? drilling R&D net*ds .to 
•develop U.S, ener>;v resourtes \ 
In production* fesearch and 
technology, a lomptiterized automatic 
part' retogmtu>n system has been 
devekxped at the Stanford Researth ^ 
Institute for autom^itaallv identifying 
and^determipmg th? position and 
orientation of eoih pai;t in j sej of 
diverse parts, suLh as foundry' 

• casti4igs The methL>d relies on a . 
fibrary of featiye-me^isuremtnt sub- ^ 
/routines that compute chtiraLteristics 
,qf potential value for identification A 

selection strategy use^ examples of 
particular parts to determine '"hlfh. 
^ subroutines, to i:all^ and their se- ' 
^uence, so that each part can be 

• identified in less' than one-half second 
This system also permits processing 

• images of objects on a moving con- 
veyor 

BasiL work on- parts desiriptron at 
the University of Rochester has 
progses^ed far enough to permit the 
design and fmplementation ^p£^a 




'Parfti,reco9niti<|telnS handling. In a Stanford Research Institute experimept. a robot 
'aTm. moves to mS a. part oat of a box Lights at the end of the moving conveyor^ 
illuminate the o^t^or a television»camer^ Ttie'resulting ifflage is processed by a ' ^ 
computer' utihzing pwern recog'rjition and decisionmaking afao^lthms The part »6 
identified, its position is determmecTand the ^rm is told how torori;^nt the part for ttie 
next afesdmbty .step This' is 'one of several projecls , airried at improving 
productivity of. American manufacturing processes ^ 



the 



system that may offer , a^ break- 
fhrough in'draftmg as well as appli- 
Latu>n tt> aut(.)m!itiL proiess planning 
operations, Dimensioned drawings- 
are. automatically^, produced by 
providing the sy^eip vvitK part- 
defmitK)nC inftSrm,i)4on. ' ', 



Intergovernmental Science and Public 
. Technology ; ^ 



Activities in this area ft)Cus on the 
public sector (State and. local 
governments) through -^he inter- , 
gov^rnm,pntal prt)gram ^nd on the 
private ' sector (primarily small ^ 
business) through the^ mdustrial 
program Elements t)f the continuing 
experirperita I rId incentives pro- 
gram, which includes pro)ect$*in bt)th 
the public and private sector, are now 
integrated into either the inter- 
^ geverhmental or in^^strial prpj^rai^ 



Intergovernmental I'rpgram^ 

The uDtergavernmentaT program 
facilitates the integration of science 
and technology into tK^policy for- 
mulatu)n, program planning, and* 
program execution activities of^Jtate 
and Ideal governments^ Durjng fiscal 
year l^^t*', activities in the loc^rf 
government pro)>ram fdcused in- 
creasingly on -State, regK^nal, and ' 
national networks to aid tKp develop- 



ment and interchange of solutions to 
problems face4 -by cities. cou«tie&, 
* and other , local ^'overnments In 
addition to the California tnnovat'ion 
Group, the^tirst State-based network, 
» which' becajne a' private, 'nonprofit^ 
.corporation* .dun n*^ the 'fiscal >^ear, 
grants were made to plaw and inittlte 
adcfitiQnal innovation- groupe, one irf^ 
Ohio and>another in New England 
T.he- Foundation continued .to 
'^phasi/e ' activities to helf?" local 
governments b^ilcl natiojpal networks 
to ^eve4op and'share technology. The 
Prban Consorfium for Technology 
Initiatives (The 27 largest AmericaB 
- cities and six urban coun-ties) was 
strengthened'.by a grant Jto the U.S. 
(^onference of Mayors.- Federal mis- 
sion agencies- such as 'the Depart- 
ments of*Housing ajrfd Urbao Devel- 
opment and Tr^nsporfit4on ahd the 
Environmental Protection' Agency 
helped tt^support' the functional task 
force activity of the Consortium NSF 
also initiated a special pilot prografti. 
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E.mergency tervlces. The California InnavaVon Group, a statewide network to provide 
science advice to local goveriYpnents, has performed the requirements analysis and 
conceptual design for this computer-assisted dispatch system for a loc^l police force 



involving both the Urban Consortium 
and the Ur^^an Technology Sv^em 
(27 cities in the 50,0Q0 to ♦5(50,000 
population range), to develop better 

vwkys to integrate direct local goyern- 
nfent inputs, into NfSF activities to 

'"define problerr^s, se^t pnori-ties, fon- 
duC^t Research, and use results 

The *State * government (executive) 
program, 'during fiscal year 1976, 
focused oh various aspects of polic^y 
and resources management. In the 
. policy area, grow^th vy^as selected as 
^the initial area for concentration; and* 

^an aw^ard w^as , m<ade to the Com-" 
monvs^ealth of Massachusetts to, help 
develop a cpmprehensive approach to 
grov^th policy" management At the 
\ same, time, a grant v^as made-'to the 
Co'unctl of Sj^te Governments -to lay 
the grpundv^^drk for nk)re effective 
use of scjtf||e and technolpgy for 
'growth ft\£M^ement iri,other States 
In the resources' management area, 

' budgeting and, "financial rAinagement- 
^tivitiefr are the.itia|or foci for the 

ERIC- , • 



program,' and NSF supported ex- 
ploratory V njnd developmental vvorlo 

.with the Nahonal Association of 
State Budget Qfficers 

. During ! 9 76nfie State goverhm^nt 
(legislative) program continued , to 
emphasize, the development of new 
approaches ^to incorporating science 
and technology into the legislative 
process: An award was mad^ tp the 
State of Minnesota to establish such 
cajJability The Foundation also 
strengthened the new emphasis on 
regionally based. Junctional activities 
with grants to the Northeast Energy 
Project and »t'he Fort Umon Coal 
project, involvirrg North ^nd 'South 
Dakota, Wyoming, and Mon-tana 
Support was continued in 12'^6 for 
the " Committee oh Science and 

, Technology of the National Con- 
ference of State Legislatures ^During 
the year, the State legislat\ires of the 
Natiori displayed increasing interest 
in heightened use of science and 

• technology ^ ' ^ 



The fourth program area, science 
'and technology resource^ focuses on 
the institutio/ial, resource bases (such* 
as institutions of higher educatloi}, 
federal • Icfbojatones,' private non- 
profit'^ganizations, and the private 
sector) that offer potential for the 
sugpont of^.State- and local govern-^ 
,'ment. .Most activity Mn. this area 
'during 1976 involved exploratory 
work on the issue of academic public 
S^vice ar^d ^atj^ development and 
strefr]||j|H^H^Hr ' the F»der^al 
Labo\flHH^(^^tium, a^ grouping' 
of more tnan 60 tiond^fense and 
defense lal^r^tories' designed to helf) . 
Federal laboratories as a grOup c(3n- 
tribifte to V the ^melioration of 
domrttic sector 'pfoblems ' 

Industrial Program ' 

The iJMus,trial progi;am is, designee! 
to 5timdate increased 'non-Federal, 
investment in research and develop- 
ment and accelerate the Commercial 
application of research results To 
reach these goals KjSF supports work 
to, help identify, test, and evaluate the 
incentives that can be used* to en- 
courage R&D investment and the 
barriers that n\ight impede it. ^ . ' 
' Thfe ^remi^e for tlie industrial 
program is that new and 'improved 
H^esses, products, and services are 
* important elements ot technological 
progress through which advances ifi 
economic status . and, stand^j^d of 
Iwing take place. Since ' innovation 
and invention are most likely t^Poccur 
in small (rather thart larj^e) fims, the 
prograrti places an ertiphasis o^small 
business 

The industrial prografj^has achieved 
considerable ^uccess?^ the area of 
entrepreneurial education and the 
initiation* of rP^ business" ventures 
through Innovation Centers at the 
MassachUsetl* Institufe of Technol- 
ogy, Carnegie-Mellon lAniversity, and' 
th^ University of -Oregon , The 
necessaryi'practfcal experience is pro-t 
vided by continuing mter^ctlons with 
individual investors and businessmen 
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This creattve afimosphere has already 
led to' the development of 27 Aew 
products/ and 24 businesses hav^ 
been initiated or assisted through 

'KJMter* act>ivities These include a 
.d^ector of -precious iVietals .being 
manufcictur^d by H.^tra Corporation, 
a capacitance cneter produced by ECTD 

, Corporation,* and security' devices 
marketed by Compu-Guard, Inc A' 
total NSF investment in specific 
projects of $^^1,750 has already 
stimulated private secKir investment 

' erf $7^1,^0 ond generated. sales in 
•x,cess of $30 miHion over 3 years 
Over SOQ nevv jobs (including subcon- 
tractor s^upphers)^have been created 
'This Aone is expected to produce 
annual Federal tax revenues twic*e the > 
$3,00^000 totdl'NSF expenditure for 
all Innbvation Center efforts for 5 
years 

' Fragmented industries J^ave been 
fouple^ to university and industrial 
resources through the Cooperative * 
Research Exp/enment, and the 
rndu^try-directed research .has^ 
resulted in new or improved products** 
with immediate u^er acce{5tanc& Ah 
' arVangement with North Carolina^^- 
State Unive^-sity and eight furnfture 



'comV>anies has developed^ new 
construction tecfinique—the Clark 
chair^rame— which conserves wood 
by U5ing small pieces ami is 30 to 40 
percent hghter in weight than con- 
ventional construction It,^ reduces 
costs by 20 to 44 percent, and the 
IQint strength has been»dov)bled Fox 
Furnjture Company in North 
Carolina and Noritage, ' Inc, in 
Wisconsin, have already adopted this 
technology in their production lines 
In another area, the Mitre Corpora- 
tion IS cooperating wiff^the elecUfCal . 
utility* industry to modify * Bam 
boilers to allow statle a^nd efficie*nt' 
turbine-generator operation in the 
range of, 135 to 185 m^gavvatts rather 
than only at • full-load conditions. 
"Also, MIT's partici]>ation with five> 
companies in the t?o]ymer indlistry 
has led* to a newly developed, low- " 
cost injection molding technique^ for 
pplyuretbane 'for whicTi licensing 
arrangements are currently bei^g 
made EacU of these' industry- ' 
identified pr^ects involves^ a high 
degree of cost shading Botn the 
number 'of participating industries 
and the degree rif private cost sharing 
are increasing forjhese experiments 



Exploratory Research and Technology 
Assessment 



The explor-dtory research and 
technology assessrnfnt program Sup- 
pcfrts studies on selected proble^ns 
that have potential fo|^ma)or natiopal 
impact Gaps m the spectrum of 
existing research relevant to national 
needs are approached tVirough prob- 
lem assessment and definition stud- 
ies, exploratory research projects, and 

technology assessnrients 
#• 

^NSF continued its emphasis in 1^76 
on studies of the full range of societal 
effects that may stem from 'the 
introduction, extension, or modifica- 
tion of a technology, with the overall 



objective of developing a better 
information base for pplicymakmg 
and decision processes at all levels of 
society , ^ 

"Some of the areas reported on in 
this past year include 

• Electronic funds tran'sfer 
Significant-ehange§ in the finan-' 
cial industry^and the regulatory 
' ' system under which it operates 
are probable with the use qf 
electronic funds transfer (EFT) 
technology, according to 'a 
report i::irepared by Arthur D 
Little, Inc" The report, the 



Consequences of EUctromc fynds 
Trani>fer A Technology Assessment of 
Movement Towi^rd a Less Cash /Less 
Check Society, deals with the 
possible consequences of move- 
ment toward an ' EFT-based ^ 
society An analysis was c^ritd 
out to determine how the im- 
pacts can be changed or 
mitiga'ted, depending upon 
which path, to EFT is chosen 
The study proposes means for 
monitoring EFT activities and 
suggests institutions for the 
resolution ^©f issues as they 
, arise Irr 'addition to assessing 
the impacts on the financial 
industry, the stiidy team -in- 
vestigated the possible effects of 
^FT on business in general, on 
the government, and' on m- 
dividuarls, with particular atten- 
Uo\\ paid to the issues of per- 
sonal privacy, freedom of choice, 
crime, consunaer behavior, and 
methods of >4«nformStio^ han- 
dling . 

Geothermat energy 'resource 
d^evelopifient Some potential 
futures for geothermal energy 
in the United States v^ere 

'Studied and evaluated by a team 
at -the Futures V Group, which 
made recommendations con- 
cerning " exploration, " use of 
geothermal resources, and 

•research and development that 
can help policymakers in Con- 

'gress and in Federal agencies 

•capture the desirable aspects of 
this • energy resource while 
avoiding its ^pitfarlls Recom-, 
mei^^tions intlude- the use of a 

/Singlf environmental impact 
statement for iarge blocks of 
land; adoption of the lead agency 
concept to minimize Federal, 
State, and local government 
overlap of regulatfons, the 
building and operation of 
demonstration plants; the crea- 
tion of "resource longevity 'in- 
surance" to minimize risk of 
early field depletion, and th^ 
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creation of. a data exchange 
center. 

AdditionaL resulfs in the ex* 
J)loratory research and technology 
as^ssment ^ program incliided a 
report. Toward a National Ocean Policy 
9 Wfl6 and Beyond, produced^' by the 
Ocean Policy Project of the School of 
/ Advanced International Studies at 
J Johns Hopkins University The report 
/ analyzes the results of the ^1975 
^^^eneva session of the United Nations 
Law'of th^ Sea ^Conference, presents 
allernati^ treaty outcomes in the 
1976 LavnCqL t he Negotiations, 





outlines options for I/. S. ocean 
policymakers in suchV fields . as 

. national security, -commerc 

' tjon, marine ^eavironmeat, t^tstiettes, 
mineral resour(;e)[S, and scientific 
research; and stresses thf need for a^ 
comprehensive 'management ap^- 

tproach to ocean 'us^, both nationally 
and internationally 

As part of NSF's effort to improve 
the use of the r^seSrch the RANN 

^fogramb support, *the Research 
Triangle Institute ^'eported on 30 case 

' studies concerning the us£ of RANN- 
supported research resujti The proj- 



ects were ielect^d as representative 
of ^efforts that have received good 
user It vvas foun^ for example, that 
use oj reseacch results.was influenced 
by such -factors as the stature and 
commitment by the pnnci]:^al in- 
vestigator, adequate funding for 
\itilizartion, good timing for the^o- 
terests of the user convmunity, con- 
tinuing professional liaison;, user 
participation in -the project; high 
quality of the res,earch and convincing 
research results, and involvement of 
the project team in communicatign and 
use of project results , . 
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Scientific, Technoiogicai and 
Interni^tiohal Affairs 



The Foundation's programs in 
Scientific, Technological and 
International Affairs address a 
broad range ^pf scientific ° and 
te<fhnologiCctl^ issues of concern to 
policy m a k*rs. Thfough these pro- 
grams N9f collects data, sup^rts 
research, conduct? studies', jid- 
imnisters international sciente ac- 
tivities, and undertakes sciente and 
technology policy analysis Thef pur- 
pose of these endeavors i§ to provfde 
analvsis and Options or direct assist- 
a^lT* ^0 the scientific and 
technological community in better 
meeting* national arfd internationat 
economic and soi^ial objectives The 
* three main areas of activity ate (1) 
scjence and technology policy, (2) 
' scientific and technological data and 
information, and ^ (3) international 
scientific and te'chrrological activities 
The policy research and analysis 
progran) supports policy formulation 
Ijy analyzing options for enhancing * 
the contribution of science and 
technology to national issues For 
e^ampl^, c|unng Ihis past y^ar, the" 
sfaff prepared working papers for th^ 
Government Task Force on Inadver- 
tent Modification of the Atmosphere 
Th^e are now being used by the 
Federal Coordinating Council on 
Sctenc^, Engm^ring, and Technology 
to develop new Federal R&D pro- 
grams on the biological and climatic 
effects of stratospheric ozone On 
• another important national issue, the 
Foundation's workmg group on 
energy, resources, and environment 

ERJC 



sponsored a works|iop on long-range 
effergy demands Government, in- 
dustry, and academic participants 

* addressed, such topics as forecasting 
electricity cJemand, comparing future 
energy use m major consuming 
sectors,* and possible directions for 
national energy conservation policies 

In the I science resources studies 
program,/ which maintains the 
nafional data base for planning and 
policy foVmulation in the area of 
science and technology resources, 
special ^emphasis is placed on R&D 
funding and science manpower NSF 
carries out periodic Surveys and 
stbdies of all elements of the national 
science and technology enterprise in 
Support of decisions regarding the 
allocation of national resources Dur- 
ing this .past year, -the Presideat 
released the seventh annual repcfrioi 
the National Science Board'^Science 
Indtcaiors 1974, a report prepared with 
the assistance of this program and 
other NSF staff This report presents 
the quantitative data needed to assess 
,^fiur entire national science and 
^Bchnology effort It deals principally 
with changes in the support of 
innovation in the United States and 
other major developed nations and 
with the role of research and develop- 
ment in innovation 5JSF also sup- 
ported various reports on scientific 
manpower For example, tTie Summary 
Report r /97> Doctorate Rectptents from 
Umted States Untversities, published by 

• the National Academy of Sci- 
ences/^National 



Research ' Council, 



) 



showed that the proportion of science ' 
and engineering doctorates awarded 
io women continues to increase, ft . 
stood at over 15^ percent ip fiscal year 
1975, compared to 14 percent in 1974 
and 7 percent -in 1^65. \ 

NSF's {Manning and*) evaluatiOih 
, program also conducts science plan- 
ning and policy .analyses of issues of 
special concern to 'the t^SF CHrgictor 
and to the National Science^Boarct as 
well as evaluations of selected NSF 
programs. Studied in 1976 concen- 
trated heavily oh NSF's peer review 
system for evaluating proposals^ The^ 
Foundation also initiated a series of 
regional forums, which provide in- 
creased bppwtuhities for ^scientific, 
profe«sional, and citizen parficipation 
in Foundation program planning 

NSF's science infprmation program 
fosters the intercha*nge of informa- 
tion among scientists in the Unrtjd 
States and with those in foreign 
countries, stimulates services lea«ling 
to more effective dissemination t)f 
information, and supports the* . 
development of improved methods o^' 
rpaking science information re^dil>^ 
Available ^ r 

* During tRis past fiscal year, infor- ' 
mation exchange >nd joint activities 
were arranged in bilatetel agreem^ts 
between U.S. information services 
and ?imil^ir groups from India, jap^p^ 
the Sovie^t Utiion, and Egypt On a 
global scale, the Foundation . 
represented the ^United States at 
meetings of the Office of Science «ind 
Technology o( the lj/iit$d Nations, 
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UNlSlST, UNESCO, and ' at the 
Conference on N^|iona] and Regional 
Planning for Scientific and Technical 
Information Systems artd Services in 
the ' Arab 'countries In addition, a 
variety of research pr,<>)ects, reports, 
and* workshops encoju raged greater 
effectiveness, in the transfer and use 
of scientific information Over 1,000 
copies of an Innovation Guide for the 
publishing incjustry were distributed 
to interested parties An exp)eriment 
mitiajly supported by, NSF in four 
California public libraries to provide 
searching services of scientific apd 
technical information dat«a b^ses h^s 
spread withoiit further support to 
nihe additional large public libraries 
in other parts of the countr^ 

As a^result of the FoiiWation's 
international programs, coof^'ative 
scientific research projects, )Oint 
Seminars, and excf^ange visits ajre^ 
carried out, under bilateral arrange- 
ments, with somjb 40 different coun- 
tries. The Foundation also par- 

* ficipates in the scientific ,an(it^h"nical 
components of new Joint Com-" 
missions for Economk, Cooperation, 
established by the Executive Br^^ch 
to achieve rkahonal foreign policy* 
ol?|eclives 

Daring 1Q76, 55 cooperative, 
research projects involved mor^than 
loo U.S ^nd Japanese scientists 
U.S. expJerts also/ undertook joint 
work in electrometallurgy, chemical 
catalysts, and 'computeK applications 
in managenS^nt 'syst^^n^s with Soviet 
^specialists "'in, more than a doten 
projects, U.S. -owned 'excels forejga 
currencies m Poland, Pakistan, Egypt, 
and India sUpported-otber cooperative 
research efforts, and the Foundation 
also used 'these 'foreign currencies to. 

: have foVeign ' scientific ^urnals, and 
monograplis translated into English 
In "acTditftpn 'to 'bilateral activities^SF 
supported U.S. participation in such 
multilateral activities a^ -the Inter- 
national Council of Scientific Unions, 
the International Institute for Appfred 
Systeips Analysis, 4nd the Pacific 
Sci^ce As9ocwiJ[jon 

EMC ' 
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Scientific, Technological and International Affairs 
fiscal Years 1974. 1975, 1976 > 
a'nd Transition Qu^er (July l-Sept. 30ol976) 









(Dollars in Millions) 








TisMl Year 1974 


Fiscal Year 1975 fiscal Year 1976 


Transition Qdarter 






Amount 


Numbef Amount Number 


Amount 


Numbef Amount 


lilt'ernjtional Cooperative 
'ScientrfK: Aftivrties* 
Science Information 
, Activities 

SciefKe Assessment Policy 
»nd Planning 


757 

• 

114 


$ 627 
808 
405 


719 $ 7 93 690 
75 5 381 W2 
172 11 57 218 


$ 753 
589 


224. $304 
33 * 076 « 
71 *235 • 


> TottI 


933 , 




966^ $24 I.OIQ 


$22 41 


32t $ilS 


t 












ScHence Asses^lnent, Policy, and Planning 



folicy Research and Analysis 

The ii>ohcy research and ^analysis 
rogram is responsible for in- 
vestigating and analyzing the 
magnitude and direction? df scientific 
and technological research and its 
ability tq meet the Nation's domestic 
'needs and " internatio'^nal -com- 
mitments Also, -this program 
. provides analytical support to various 
groups withn the Executive Office of 
the President fucK, as the Qfficp) of 
Manage^ment and Budget^ the Council 
of Economic Advisers, the. Domestic 
C-ounM^ and the Offiee of Science 
and TecJ\nology Policy 
, Policy researcfrand analysis "^ids in 
, stience and ^technology policy for- 
mulation through internal analyses 
and^ external studies of relevant 
•existing and emerging national issues. 
These issues are roughly divided ipto 
six. categories, with responsibilities 
assigned <o the NSF working groups 
whose activities a^e ^scribed below. 



The Effects ot Publi<;^Policy on 
Science and Tephnology 

tn studies .o^^ public policies directed 
to ^oci^l and economic ^goals that 
influence the ,science and technology 
envjTonment, attention is directed 
towards -better understanding of (1) 
the incentives government can use to 
stimulate socially desirable tech- 
nological -irmovation in the private 
sector and (2) the incentives for 
technological innovation created by 
policies directed to other public con- 
"Cerns 

Pro)ects supported during 1976 
included.' 

• A review of the hi»to/y of 
technological diffusion in 
hospitals to suggest a model of 
sudh diffusion The model now 
being developed further, should 
provide improved information 
about the Federal Government s 
increasing role in health care. 
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A study completed •^under the 
Federal Council for Science and ' 
-Ttclinology to help Federal 
agencies set policies and 
procedures for>repaymenf to th^ 
Government for its R&D expen- 
ditures that lead to profitmaking 
goods and services in the private 
sector. * ^ 



Analysis of Emerging Spienbe . 
and Technoiogy 

*> • ' • 

The rapid development of science 
and technology raises su^h importartt 
issues as* (1) the adeq'uacy-of federal- 
ly supported basic and applied scl%nce 
fo meet national needs; (2j tVie 
.adequacy of* th^ science aod 
'technology base. ^ for' Federal 
.regulatory activity; (3) "spin-off im- 
pacts^' of Fj^eral* science and 
technology projjrams, and ^4)* the 
adequacy of Federal mechanisms (or 
monitofingt 'the potenti<|| impacts »f 
'U.S. an(J fofei^n Governrnent 
polia&s on the health pf the dpme9tic 
science ahd technology ent^prise 

Pro)e(2*s, sujJported .dupng 1^7^- 
includeci. 

A series of reports titled Haloccu- 
- ^hons • Environmental Effects of 
• Chlorofluoromethane Release /Ef feds on 
,5lraiosph eric -Ozone Supported by 
NSE i]H 'jomt spopsofship with' 
* \ .NASA^EPA, NOAA, and FA A, 
this series was preparecT under 
the auspices of the NaOpnal 
Academy of Sj^nces \i moinX 
to the need for selective r-egul! 
\ tion df chlorofluoromethane and' 
evaluates' the extent to which 
stratospheric ozone ,wiH ' be* 
af^ectedfby^man . > ; ^ 

• An analysis of impjoved 
clitnatological information for 
agricultural decisionmating. co- 
' sponsoj-ed by NOAA Thi^ proj- 
ect will help determine the value 
of |>etter climatological forecasts 
for agriculture \ 



\ case study in Boston examin- 
ng^ the pfanning pro^s under-<^ 
lying the oational wastewater 
ItFeatment /acilities construction 
grants program administered by 
EPA 



The Ahaiysis of interhaflonel 
Science and Technology Policy 



science 



the 
and 



Analyses are made 
impact of Internationa 
te^finology programs on the L>.S. 
$t:ier)tific community;' (2) the impacts 
of Ln^ernatiohal Science and tech- 
.nolojgy trafteferT' through Govern- 
ment «nd pnva(e channels, on the 
foreign, parfrjer&f Jp3) appropriate 
institutional arrangements for^U.S.' 
invc|v^ment in ir)/ernational ^popera^ 
tive activities, and (^) the purpose and 
viji^e of U.S. pa'rtujpation i 
sciehce and technoloj 



sctence and technology on productiyi- 

Projects .supported duWng , 1976 
^included. 

• An assessment of the effects of 
technololgical^ change on the, 
supply 'and Remand ''of' raw- 
materials ^ 

• Examination of Jiow ^.foreign 
subsidiaries and investment ot 

X U.S. -based firms spread U.S. 
technology abroad. 

The Processes of lnnova4ion^and 
' TKoir Management 



int^^rnationai organizations 

Projects siipported ciiirm^ 1976 
included - \^ ' , 



t A comparati\?e%tudy ^f*pastrancf 
proposed, U*N. science con-, 
ferenj.es, highlighting*, lessons 
rele^nt for U .5. ' invplvement 
ift* future U^N. ionf&rences 



Analyses a/e rtiade of the incentives 
and roadblocks that irifkience innova- 
tion in science an3 technology By 
n the , comparing how various or^nizations 
^ prbgrams ^of * use technological innovations, this 



program can , help ^ the "Federal 
Govern menf ' and private manag^- 
mfent improve thgir utilization of 



teUinology^ 

Projects supported 
mcludecl; , 



during 



1976 




A ' re>?iew of 
policies Icward 



postwar U.&. 
the transfer 6f 
U.S.' fechnology^across national* 
boi^tlartg^, entirted Teehnology^ 
T^l^dr and- U 5''^ Foreign Poltey.' 
R^^Ws this,pro)ect^re being 
,,^0^ by NSF and * if\e' 
* Departments* of St a 
merfe* 



tate ^nd Com- 



An, assessment of the impact of 
^aprd innovation pn standardiza- 
tion and mass produclron in the 
a;jtom^ile industry 

A r«viewj)f how State^ and local 
governments - have introduced 
technological^ innovation m th^ir 
services, -and 'the factors that 
lead t(y their ^suc^ress or failure." 



Policy Aspects of Energy,' 
fiesourc^si and Environm^nt 



Responsibilities in Jthis area inclird«>. ^ 
^an^lysis^of ,(1) energy techndogy v 



The Socideconomic Effects of 
Science aihd.TechnDfogy 

energy 

Areas bemg investigated include*- t;esearch, (2) environmental health 
(I) the socioeconon^ic varfables affect'- . issues related to energy; and (3) the 
ing technology policy options; (2) reUtion of science and technology tg 
distribution of public versus^ private renewable an^ honrenewable fe- \ 
co'sts and returns from innovation; sources. ' _ / 

(3) effects of science anJ technology Projects supported during 1^6 
9n the individual, and (4) effects of included , 
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\ • A series of open' work sho^js to 
promo'te discussion -between 
» government, industry, ^he 

eral public, academia, and special 
interest groups on% issues such 
' • as- '"Public: Participation in 
Energy Related .Decision- 
making," "Ltg^l and in- 
stitutional Problems of Energy 
Facility Sfting," and /'In- 
stitutional Alternatives for 
LMFBR ^Development and Com- 
mercialization/' 



• Independent studies on alter- 
native fission reactor strategies 
for the p'ruted States, long-term 
energy alternatives for ^uto-* 
motive* propulsion, biocon- 
version, and alcohol fuel tech- 
nology - ' I ^ 

la addition to -the* extramuraP 
project^ highhghted under tji?' six 
categories noted above, ^ in-h#mse 
projects were also undertaken by- 
pro^^apa^ftaff.^to analyze the scientific 
ancl technological aspects of tfiational 
issues 6n*the premise that a b^\ter 
understanding df such questions may 
inhprdve Federal policies The policy 
research^and analysis program draws 
x)h the expertise ^ of the basic and 
applie.d research programs within 
N9^F, fVoyi^ing them in turn witK 
access to information from the* user 
agencies and with assistance in defin- 
ing policy^ problems 



publication of, repprts ^Sortie repre- , 
sentative exampl^ of 'scier^ce re- 
sources studies carried ou^during the ^ 
year are described below 

Periodip Studies 'oHfife Fynding 
.of Science and^ Technology ^ 

Expenditures for research and 
developmentun'-the United States are 

. estimated at $38^1 billion \n t97^, an 
8'percent increase over 1975. F6rthe 
first time in 3 years, total R&D funds 
are also expect^d^d.increase in terms 
of constant dollars— 2 percent- 
assuming a 6-percent rate of inflfition 
fof 1976 In 1976* the 'Nation is 
expected to devc^e 2 2 percertt of itSi 

^ gros$ national product to R&D ac- 
tivities This" ratio has declined ste^di-: 

'"^ly from its- peak of, 3 0 pertant in 
1964, primarily as a result oi the 
slowdown in growth of Federal'R&D 
spending. -Xh^se and-otW -cbta-ar?^ 
published in National P^itterrr^'of R&D , 
Resources ^Funds and Manpower m the 



Science Jlesources Studies 

The Foundation's program of sci- 
ence resources studies encompasses 
the coll^Qtion, anAlysis, interpreta- 
tion, and dissemination of datA 
relating to the Nation^s scientific and * 
'technological activihes The main 
objective ^f the progj-am is the 
development of» informatiorl for plan- » 
ning 'and policy formulcition m the 
area of science and technology re- 
sources The information developed' 
through these studies is ma^de 
available to a wide audience through 
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United States, f953'197t, which con- ^ 
tains analyses of the national R&D 
effprt' in terms of types o^. research 
'and development, perk>rmef , • and ^ 
source of fupds , * --^^'o 

D^tajoased on.the President's Fiscal 
Year 1977 ^ Budget, indicate that 
Federal obligations for research and 
development *are e)<pected to total 
$23*5 billion, a record high and an 
mcreese of 8 6 percent over 1976. 
This grovyth is ahead of anticipated 
inflation, although in' terms of con- 
stant dollars the estmi^ted 1977. total - 
Is apprd^Ariwtely • 20 percenf* belbw^^ 
thjit>for 1967 Energy developm^ent 
andlr'onversion is expected to be the > 
leading growth area m'* Federal R&D 
funding k>r 1977, with obligations 
expected to increase by 24 percent 
over the previous year education, 
developrpent c^f .the science and ^ 
technology bas^, and national defense 
also show »grJwtlL well ^hea4- - 
TnltcTpatyd, inflation These an4 other 
data\vere' published in prelimm'ary 
'fornci in the Science R^esources Stud- 
ies Highlights series. Two full 
ana lyfjifaJ« reports. An Analysts of federal 
R&D fdndwg by function, fiscal Years ' ■ 
7969- J977V»2<^ federal funds for 
Research, Development, and Other Scientific * 
^Activities. Volume XKV', e|je in prepara- 
tion foir publication earfy in fiscal year 
.1977 

Preliminary 4^ta on 1975 industriM 
R&D funding showed that total R&D 
expencjituree 'j^^hc industrial sector • 
were over $23 ^billion in 1975, an 
increase piercent over the 

previous yeaK^level However, when 
me^ured in constant dollars, there 
was a 4-percent jJecttkse between the 
two years, The Federal Government 
funded one-third of the total, four- 
fifths of^ the 'Federal share being 
concentrated in -two industries, air- 
craft and electrical equipment Total 
' energy R&D spending increased by 
1»5 percent to a level of $1 4 billion 
Industry employed 'the full-time- 
^quivalent of 360,000 scientists and ^ 
engineers in January 19^, iibout the 
same number as a year earlier ' 

■ A 
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Periodic Studiei .of Scientific the ratio of science and engineering 

dnd 'Technological Manpower 'dpctorate degrees to 30-yea'r-olds^the V 

t * traditional reference , group, will 

• Tfie Foundation's Manpc^wer CKar-^ decline to the level of the fafly 

actefistics -System, mstit;i^ted in 1972, sixties-^Bot^i reports^describe in detail 

had/produced by ;976<omprehensive the methodology used • 

^ata that makes 'possibie a national 

appraisal of the emploryment,r work 

actiyi-t>es, and pppfessional charac-% 

te Aiics , of the sc^venti^ic and , 

en^eenng population Estimates of 

the characteristics. gf U . 5. -scientists 

and engineers in 1974 were released 

irv the Science Rebourc^s Studies 

HighligJ^s series A full an^lyti^i 

report, U\ Snenh^t^ and Engineers 1^74 

Characteri^U(i>> is in press THese , 

repprts present data describing^ a 

population of 'alrfiost 2 million', 1 1 

tnildofi'of whom were engineers 

Slightly less than 10 percent of the 

"population ^ w'e're- women Racial 

minorities accounfed for less than 5 

percent of the population The 

Representation of both women and 

miRonties was substantially greater 

among scientists' than among 

engineers TFie data also sKow that 

research and development was the 

principal wgrk. activity of Scientists 

a9d * erigrneer^ Basic Snd applied 

Tesf arch ere de>mmated by scien- 
tists, devfl^pment was the primary 

work activity of about onerthird of 
^the Employed engineers 

Special Studies 



Durmg the yeart^wo special report's 
dealinl^ With ^ projections of science 
and technology resources w&re 
relea^^d One, RiiD Funding Pro}echons, 
projected a 3-percent annual growth 
' m constant' dolJar R&D spending 
between 1974 an4 |1955 Another, 
Projections of Degrees and Enrollment 
Science and Engineermg Fields to 1^$5, 
projected additions to the supply of, 
scientists and engineers, with empha- 
sis on doctoVate procjtiction The 
ptt)jections indicite that thfre wiil 
probably be an adequate supply of 
science and engineering doctorates 
during the next decade even though 




To supplement the in-house projec- 
tiofis, the Foundation announced a 
program to •suppm^ studies m 
^he fie'ld of scientific and technical 
manpower forecasting. Proposals - 
wer*e invited' in three categories 
improvement of projection 
methodology, development oJ infor- 
mation needed to, fill existing data 
gaps, arid ^projections of science and 
engineering manpower supply* and 
demand ' ^ 



* Tw0 special Studies dealing with 
aCaderaic faculty in science an3 
engineering were completed during 
the year One of these indicated that 
th^ proportion of young faculty (i e , 
th'ose who had held doctorates 7 
years or less) in doctorate-level 
departments was expected to fall 
from 28 pe^cent in 1976 to 25 -percent 
by 1980, a level which nearly one-half 
of the department" head^ consider'' 
undesirable. . Tlie other study 
reported that more than four-fifths 
of the full-time doctorate faculty 
spent.at least 20 pertrent of their time 
.in researtly and that two-thirds of 
these had external, separately 
budgeted research support Nearly a 

ten£t, hoy^^^^' tii*^ mgArr^* ^ 

arMre^ o.ther* than that in which 
they preferred to work These studies^ 
were two of ^ series of Higher 
Edu(C^tion Panel Surveys conducted 
for -the Foundation, the National 
Institutes of Health, and the 'U.S. 
Office*of Education by the American 
Council on Education * 

NSF Planning and Evaluation 

Policy studies on Foundation-wide 
issues and concerns^are carried out by 
both NSF staff and uncfer contract for 
the use of the Director ^and the 
National Science Board in planning 
and policymaking Studies originate 
from needs perceived by the Founda- 
tion, and' the science community and 
from requests made by the Office of 
Management and Budget and by the* 
Congress 

The "steady state" of acad,e,mic 
employment forecasts for the next 
two decades has occasioned a series of 
pohcy discussions concerning likely 
consequences for the health of soi- 
enc^ and possible apprqaches to 
'mitigate negative effects. Two lex-* 
tramuTal awards have been made to 
-assess the areas of voluntary early 
retirement and mid-career change 
opportunities for college and* univer- 
sity faculty The first of these studies 
reviews existing and newly collected 
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iurvey material on faculty age dis- mittee on Science, Research, and 

finbution by scientific field, including Technology felt required moreexten- 

data relating to possible faculty ^ve, study ancfc- af^lysis To this end 

pterest m early retrfement and naid- the Subcomrnittee directed the 

cpreer changes The . second National Science Board to study eight 

documents existing irtstitutipnal prac- specific is^iies, as follows 



ticas in universities, government, and 
industry relating to early retirement 
and mid-career change Together the 
studies will identify a seines of 
options for university anl^ college 
faculty, paying special attention to 
gosts and benefit^ for both individuals 
and institutions" , 

Internal staff studies have included 
an analysis of JsJSF's 9\cience Educa- 
tio}cuj«peg«rms, j-elatmg them to are*as 
of national needs and identifying *the 
NSR.role in science education in the 
context of the larger role of Federal, 
State, aqd local government < 

A related^ extramural study was 
designated lo' assist' the Foundation 
by deVisi^Tg^^waysxto utilize e^ciSting 
informatum resources' both within 
NSF andm other sc^eq^e agencies for 
policy artalyses^The ob'ject of the 
research tl.to ^^velop 4 formalized 
description lof the research system 
\that will serve as a* frameworl<; for 
ing dispa^cate data sources and 
rg^mzln^ <;iata; in ways most useful 
for dfsg^ssjons ^nd analyses of sci- 
ence poficy issues « ^ ^ 

'Concern ^,with the processes and 
consequences ' of peer review has 
'come to the fore in the pett year— 
both in Congress and in the scientific 
comrhunity The Foundation has 
launchecf three major studies in this 
area an award to th^ National 
Academy of Sciences to compile a''* 
detailed^escription .of the way the 
NSF pmf review system works, a 
survey of the attitudes toward the 




Support of v^novatlve research 

• Support of younrg scientists 

• The funding of > research/ at 
undergradnate-te'aching/ in 
stitutions without R/aduate 
departments fcotl^eges 

• fhe extent fb whif/ the Foun 
dation should refy/n p<^r panel 
revievvy ^ . > >. - 

• JEstablishmerrf of > arv internal 
Foundation program to monitor 
problems arising from the' rhis 



To "ijpieet .the Congressior^ man- 
d^e to facilitate p'ubhi;if>^4*|'#F^ation 
m the (prmuIationA^^lopr^CT[t,_an4 
conduct of NSF's program^7~TOfcies, 
and priorities, th§' Natioyial ^^H^ 
Board in. 1976 initiated a progr'aTrbf 
^v^egional public meetings designed ^o 
encourage the txpressiorv of vie\Vs by 
the general public on scientific and 
science education ^sues.' The first 
such forum was heJd in )une 19^6 in 
Atlanta Approximately 200^ in- 
divicfuals representing a broad section 
of society — including business,^ State 
and l^Cdlgovernments, public interest 
groups, citizen organizations, and 
academia — from * seven States 
(Alabaiha, Florida, Georgia, Mississip-^ 
pi,, North and South Carolina, ^nd 
Tennessee) wexe In attendance The 
• fbur^ topics discussed — energy, 
match between the size of the ^ natural systems, food systems, educa-. 
scientific community and the tion, and knowledge— were s_eje£^d 

by a planning groiip that was rep're- 
sentative of the Southeastern United' 
States A second forum was held in 
Seattje in early November 1976. 

^he Foundation reg^larly-Conducts^ 
in-depth studies of major, progr^im^s to 
provide the NSF Director with infor- 
m^ion on prtgram results, impact, 
effectiveness, and conformance with 
legal aujthority In fiscal year 1976 
Battelle Columbus Labofatones com- 
pleted an evaluation of three of the. 
five major biome studies conducted as * 
pArt of the International Biological 
Program The biome programs were 
intended to increase understanding of 
lar^e ecological systems through 
mtegrated research efforts Battelle's 
evaluai^^n focused on the extent to 
^hich the results were integr^ed or 
iptegrable. The evaluation concluded 
that the biomes were'a well rinanaged 



amount of Foundation funds 
available for support of^ that 
community . 

• The question ^bf whether the 
National Sj;:ience Foundation 
should have formal procedures 
for considering' - appeals of 
deci-sions made on 'award 
applications 

• The effects of publication of the 
li9^ of reviewers used by the 
Foundation ' ' 

• Further information concerning 
effects on the pepr review 
system of the/level of confiden- 
tiality in which peer reviewers' 
names and verbatim comments 
are held , 

In developing responses to these 
questions ^e Foundation has pre- 



functioning of peer reveiw held by pared a detailed analysis of the^^vd 

proposal reviewers and by recent hearings, awarded eight extramural f^c< 

applicants for NSF funding, and a study contracts, and initiated a series 

series of studies related to peer of internal staff studies to deal with 

review as pjrt of the Congressional ^theSubcommittee's questions--e,g , a 

s*udi^5j<mentiop«^-belQw \ study that 

o^^sight 'hearings -oh p*^,r 



In 1975 



review, a number of issues were 
raised which the HoUse Subcom- 



y tnat looks at innovations,, and 
scientific reputations in four fieWs of 
science (chemistry, astj^onomy, 
mathematics, and earth science)' 



* balanced effort Ho\iever, 
cause research results are still 
being producecf, this evaluation did 
hot attempt to assess the primary 
product of the biome programs, 
increased understanding of^the eco- 
systems. Two additional program 
evaluations, those bf the Inter- 
national Decade of Ocean Exploration 
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and science information activities,- 
were unjer way during the year and 
4re scheduled fcm^ompletion in early 
fiscal year 1977 In another area, 
attentior) was given to studies of the 
published literature .as a means of' 
assessing research output This' 
resulted m a monograph, Evaluahve 
Bibhometncs, completed under a con- 



tract with Computer /Horizons. 

The FoundatiprL/fontinued to sup- 
port /and use jihe analytical and 
advisj^ry services / of the National 
Academy of Sdences' Committee on 
Science and PuWic Policy (COSPUP) 
and the Na/ional Academy of 
Engineering'^s /Committee on Public 
Engineerirtg Policy (COPEP) 



Sconce Informatioi/Activities 

^ /- 



he science mformation^jrograms^ 
support activities to ^improve the 
accessibility and increase the use of 
scientific and technical information 
During T976^ projects were carried ■ 
out in four pfograrrt areas, informa- 
tion science, access improvement^ 
usei; requirements, apd -management 
studies and^ coordirtation 

Information Sciente 

Information science is an ernerging 
field orient ^, to ward un(terstanding 
the processes^ ofm formation transfer 
The Foundation supports theoretical 
and conceptual research in this field, 
building upon advances in related 
disciplines such as behaworal science, 
computer science, and linguistics 
Particular attention is given ,to 
research for accessing knowledge 
about more useful and> effective ways 
of applying nevv technologies - for 
improving access to and use of infor- 
mation 

During 1976 the program con- 
tinued' to support work to enhance 
the theoretical foundations of infor- 
mation science^^ Case Western 
Reserve JJni,ver5ity explored t1ie 
possibility of ifitegratir^ various 
coYnpetmg paradigms into a general 
theory of information transfer New 
York University was given funfher 
support to investigate the infor- 
mational ijroperties of scientifi(; text's; 



Access Improvement 

The access improvement program' 
supported 33 projects to improve' the 
transfer of scientific information 
from ongtnators tof users One such 
project continues tc survey technical 
and organizational innovations In 
scientific and tech lical communica- 
'tion, and resultsyftre regularly dis- 
tributed to^njor^than- 1,000 persons 
tn position to taT<e advantage of such, 
innovations Other projects were 
c^^cerned with effectiveness of 
abstracting and indexing services in 
/ , providing access to scientific and 

/ ^ technical literature ' Projects com-^ 

in particular, tiie repeated informa-, pleted this year resuTtecf in a descrip- 
,iion«structures of science language by tion of- some 1,8Q0 abstracting and 
''subdisciplme were investigated! to 'indexing services, an analysis of the 

article overlap irr 14 abstracting and 
Indexinj^prvices, and a compilation 
of some 26,000 terms used to index 
literature on energy. . 

Since 1973, NSF has supported 
research on the editcfTial processing 
center (EPC), .a mechar^sm to^ help 
small journal publishers use computer 
technology . to create the^ primary 
record ^f scientific accomplishments 



'provide the basis for natural language 
processing , » 

In the area of information systems 
evaluation, results from work sup- 
ported at Ohio State University led to 
a' general- simulation capability for 
research in the underlying method- 
ology of system performance 
measures Further support in 1976 
extended this simulation .capability 



from tlie^ basic jcoanputer configuiw- Tests conducted with a small-scale 



tion to sljch areas as the efficiency of 
data base structures relative to the 
underlying computer systehn and to 
the cost allocation of computer re- 
sources to information system serv- 
ices * > ' 

The information science program 
continued its joint support of 
networking problems with the Foun- 
dation's computer science program 
One project, a large-scale simulation 
and gaming effort under the auspices 
of EDUCOM, involves some 20 
academic institutions. ExpWation of 
the 'economics of computer com- 
munications netVorks is the object of 
a long-term project at Stanford 
University Two other projects, at the 
tyiassachiAetts Instityte' of Technol- 
ogy and at the University of Illinois, 
are mtended^o ease th^pVoblems of 
access by users of on-line, interactive program s'ponsored empirical studies, 
scie^jie ihformation network systems, ' analyses, and* field experiments on 



EPC prototype showed the feasibility 
of several methods 'for processing 
manuscripts A second series of tests, 
initiated in 1976, Uses a more ad- 
vanced prototype and^will lead to a 
full-scale operational demonstration 

Also in 1976, a test facility for the 
expenmegtal investigation gf elec- 
tronic information exchange was 
completed. Several small research 
communities will experiment next 
year with this innovative method of 
communication • 

User Requirements 

The user requirements program 
continued to fund research designed 
to encourage more effective use of 
Scientific and technical information 
by , scientists and engineers This 
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Primary pubHthlng. A protdtype Editorial Processing Center, being tested ps a 
prelude to a full-scale demonstration, is a cbmputer-based^ystem with potential for 
faster and rftore economical publishing for scientific journals The technologies 
employed in an EPC may-include optical character recognition (OCR), text editing, 
inventory control, a*d photocofffpositiorv 



the development of more user- 
respoiisive 'services. Other pro|ects 
wefe aimed at improving the 
organizational ' conditions affecting 
the' use of scientific and technical 
information 

The influence of infdfrmatjon. use 
,on th^ conduct of rese^frch and the 
management of research*^and develop- 
ment was a jJIrinci pal area of concern 
during 1976. One study identified the 
information-use habits of highly 



ERLC 



productive'researchers apd suggested 
how to design new information 
products to fill this group's needs. 

Several technology forecast prt)j- 
ects in 1976 attempted to find the 
effects of information/ communication 
technology on the delivery, cost, and 
use of scientific and technical infor- 
mation One study assessed the 
feasibility of electronic storage and 
delivery of engipeering handbook 
data and concluded that this would 



require computerized (iesign aids 
Another st!idy determined that 
technology will not be ^ the ^rime 
inhibiting factor in the-improvement' 
of information servic? ' 

. Management Studies and 
Coordination 

Management studies continued' to 
support the collection and analysis pf 
economic data on ihe production, 
chstnbution, and use of scientific and - 
technical information. Studies were 
initiate? on the interaction of law, 
•economics, ahd technology in the use 
^ of copyrighted materials; the impact ^ 
of photocopying on libraries and 
publishers, the development of 
models to predict an^ assess use of 
library materials; and methods to 
weigh ^the costs and benefits of the 
different kinds of information serv- 
ices * 

Two reports from the first year'5 
research on statistical indicators of 
scientific and. technical communica- 
tion were recently completed. One 
provides the dat^ compiled ^nd a 
statement of research undertaken, 
resources examined, and methods 
used for projection and estimation; 
the ^econd report provides ^an 
analysis of the data 

Support for communication and 
coordination among U.S. science 
information services was continued, 
as was the' interchange of scientific 
information with international organ- 
izations During 1976 NSF arranged a 
series of mleetings among managers 
of Federal scientific and technical 
inforqfiatio^f^Kvices oji such topics as 
Federal' and private sector problems 
*in scientific and technical informa- 
. tion, international information policy, 
and directions* for f uttire research and 
development. 

The Foundation also participated in 
bilateral international science infor- 
mation activities during the year. 
Cooperative activities were 'carried 
out with the Soviet Union, Japan, 
Mexico, and Egypt 
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^ Through an exchange agreement, 
the Government of India will help set 
up a semmar on information sources 
related to energy, environment, and 
natural resource proBlems, and 
arrange for a seminar the foHovvmg 
year on 'the education of science 
mformation specialists NSF con- 



tinued to s(jrve as the focal >point for 
UNESCO's UNISIST activities in tKe 
United -Stales With support from*the 
Foundation, the National Academy of 
Sciences CjOntinu€d its review of U. S. 
• p^i;ticipamon in mternational science 
informamon programs and worked 
^toward jestabhshmg U.S, goals 



International Cooperative Science Activities 



y NSF has sole, or Executive Agency, 
responsibility for 'binational 
agr<?ements relating to' <nte;-national- 
cooperation in science between the 
United States and 14 foreign coun- 
tries, and major involvement with 
seven * other agreements Research 
conducted under these agreements 
obtams for scientists in the United 
States^ the benefits cf .international 
coll ajporat ion, including exchanges of 
information and access* to unique 
talents and facihPies For exarrtple, 
undef. the U.S -Italy Cooperative 
Science Program, NSF assisted in the 
s*upport of* a )Oint study of the 
dramatic physicochemical changes 
tlvit occur in the Jungs o£ newborn 
mammals The«experimental concepts 
came from Italy and were refined m 
the^ -United States And under a 
cooperative arrangement witl^ the 
Soviet Union, both countries have * 
benefited from )oint projects in the 
field of electrometallurgy The 
Soviets are advanced in extractive 
metallurgy and ih tHe techniques of 
reduction, purification, and casting, • 
U.S.* experrise lies in materials 
science and materials engineering 

Each bilateral agreement ^has its 
own modes t>f cooperation, suited to 
the needfof the United States and its 
partner nations ' The commonest 
forms are cooperative research proj- 
ects, seminars, and the visits of 
scientists to teach or perform 
research in the other country 



The U.s/ Government also has 
agreemer\ts with several countries, 
most of tlhem in the Middl^ East, for 
economic cooperation NSF continues 
to contribute to the programs out- 
lined by the several Joint Confrmissio/is 
for Economic Cooperation that were 
established uyder these agreements 
For example, on February 29, 1976* 
•NSF agreed to assist, on a rejmbtir- 
sabje basis, Saudi Arabia to establish 
a National Center for Science and 
Technology (SANCST) SANCST, a 
central science agency, will enhance 
Saudi Arabia's ability to use sciente 
and technology fgr eronomic and 
social development NSF has es- 
tablished a Joint Commission Staff to 
serve as a principal channel of 
communication on Joint Commission 
proglUms between the Foundation 
and other organizations NSF also 
coordinates program evaluation to 
assure benefits to science m jhe 
United States and suQporl tor the 



sujjpor 

objectives^ of the JomM^lommissior) 
agreements ^ 

The Foundation continues to seek 
opportunities for- international 
cooperation in selected regions of the 
world, outside the framework of 
formal .agreenjents In Latin America 
these opportunities have involved 29 
"activities in six "non agreement" 
countries In 1976 a new program 
made seven awards in cooperation 
with four East Asian countries 
Thailand, Malaysia, Indonesia, and 



the Philippines U,S. scientists vyill 
work with tKeir East Asian colleagues 
to study the productivity and utiliza- 
tion ^of tropical lx)rest*, equatorial, 
sv^amps, and other j resources pf the 
region that are *sub)ect to seve^re 
fcological s'tresS 

Under an award to the National 
Aeademy of Sciences, the Foundation 
continued to support exchanges of 
scbdiars with the People's Republic of 
China From July 1975 to Septenjb^ 
1976, -seven U.5. delegations visited 
China for discussions with Chinese 
colleagues, which theV subsequently 
report,ed to the U.,S. scientific com- 
munity The fields of interest includ- 
ed insect control, solid state^ physics, 
pure and applied piiathematics, wheat 
studies, the Liaoning earthquake, 
steroid chemistry, and biochemistry. 
Eight Chinese^ delegations visited the 
United States, They represented the 
following technical areas: 
petrochemical industry, industrial 
automation, earthquake engineering, 
iumor imiTiunology, agricultural 
mechanization, natural gas, environi 
mental sciences, and interdisciplinary 
studies Other awards to the 
Academy en^led'the United .States 
to participate in internatiopal scien- 
tific organizations* including thfe 
Intefnational Institute for Applied 
Systems Analysis and the 'inter- 
national Council of Scientific Unions 

Under the special foreign currency 
(SF-C) programs,, NSF can use U.S.- 
oWned local currencies instead of 
dollars in several countries These 
fuijj^s, which must be used abroad, 
are declared by the Department of 
the T^easury to be In excess of the 
immediate needs 'of' the U.S. 
Government The SFC research and 
related activities program funds 
collaborative science projects in- 
volving U.S. scientists in Egypt, 
Tr^dia, Pakistan, Poland, and Tunisia, 
Engineers of Colorado State Univer- 
sity were able to test classical theories 
of flow and sedimentation in alluvial 
channels by working with colleagues 
of the Water and P(^wer Development 
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Water research. As pari of aU^S -Pakistan joint research project scientists (left) meter ttie water surface level of k Umk Canal and 
* take a soil core (ri^ht) to deterrfiirte parttcle size of bottom sediments The Link Canals, built to redistribute scarce water among 
« Pakistan's rwers. are part of one of the world's most ambftioi3fe w^er development projects Their size and^variety maker them 

valuable foi^ research on the design of modern lrrlgatlor>c^an/1e!s (Photos by Kahlid Mat^mopd/George Washington University ) 



Authority in Pakistan, where 
btriatlonal teams \rad access , to the* 
celebFa^ed Unk Canals of the Indus 
Valley tor collecting their data In ' 
Egypt, local currencies were-nsed to 
fund projects in historical geology, 
nutrition, the improvement of science 
teaching, and the physiologica/^adap- 
tation of large mammals to desert 
^conditions I'fi^^y^t and in India, local 
currencies are usetf*ti^j^nd the U.S. 
portions of projects designated by the 
Joint Commissions to be of high 
|jJnonty to the participating countries 

The^FC science informatiog^ pro- • 
gram * procures translations into 
English of foreign technical 
publications Those translations are 
req^esttd by various U.S. Govern- 
mentj' agencies and are madfe available^ 
to non-governn^ent scientists 

Because 6'f its broad legislative 
authority and its professional con- 



tacts with the US, scientific com- 
munity, the foundation sometimes 
re^pond^yo' requests to manage 
progr^^Pifiat are authorized and 
fundeS^y other U.S. Government 
agencies One example is the Scien- 
tists and Engineers in Economic 
Development (SEED) program, 
operated by NSF for the Agency for 
International Development In 1976 
the SEED program supported 
teaching and research activities .of 
U.^ scientists m 13 different coun- 
tries ^of Africa, Asia,', and Latin 
Apnei^ica An?fong the subjects studied 
were energy resources in Pakistan, 
chilfl nutnttoji and family planning 
attitudes in Kenya, forest insect pests 
in Chile, and the natural resources'of 
th^" Amazon basin. 

The international travel support 
program has enabled U,S. scientists 



to attend^ international scientific 
meetings, obtain or exchange infor- 
itiaTion on basic research, and 
cooperate in international scientific 
activities Approximately 450 inter- 
national *travel award* were made 
during 1976 ^ . • ' 

Science studies undertaken during 
the past year to develop and widen 
the international role of NSF are 
continuing, with initial emphasis on 
establishing methcklologies to 
evaluate the Foundation's rnter^^ 
national programs. A related pro- 
gram, ^ dealing with selected 
transnational iss^^es of importance to 
the United States, will help provide 
policymakers with ijnformation for 
decisionmaking on . transnational 
problems It will also improve ttt^ 
application of research and otKerv 
scientific activities ^o these problems 
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Bilateral Science and Technology Agreements 
^ Number qf Approved Attivitiei in ^\ 107o *ind 

^ • *the Transition Q^^arter (|ulv 1 to bept 30, 1^7pt 
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2 


Australia* 


13 










I 1 


8 


Brazil 


2 


1 - 


* _ _ 






10 




Rep of China 


12 






3 


2 


ll 


* 


Fran<.e 


I«3 


2 . 


10 . • — 






5 




Hungary 


8 










4 


1 


^ India 


19 




!o 4 














r 




3 




0 


3 


lapan 






3 1 


25 




21 


11 


iMe<KO 


3 












5 


New -Zealand 






1 


2 








Romania 


" I 








1 


5 




Spam 






14 






lo 


1 


USSR , 


24 


5 




0 


1 




2- 


Total * 


12<3 


25 


5o 5 


52 


1 1 


158 


37 





Special Foreign Currency Program 

Summary of-Pro)ects> by"*tountry in FY 197b 
and Trv^sition Quarter 



' Active 

Trar^lation 
Research Grant Travel Grant Pra)ects 
Awards Contracts 



Awards 



Ci>untrv 



FY 
l<?7o 



TQ 



FY 
197b 



TQ 



197b 



TQ 



Burma 
E>^\pt.^ 
India ^ 
Pakistan 
Poland * 
Tunibta 

|k ttxtal 



0 
12 
1 

2 

8^ 
1 



24 



0 
• 3 
30 

Q 

•29 

0 



1 , 

2 

2 

1 

I 



2' 

2 

'l 
1 



Iftfludfi award;*. made bv other \'SF components under L S -L S b R 
foint Commi5.sK>n on S<.iente and*Tet h nolt>^v - , 



U.S.-U S.S.R and East Europe Academy Exchange Program* 

Visits Each Way Funded During FY 1976 



Country 



United States *^ Foreign 

Scientists Man-Monfhs Scietvtists Man-Months 



USSR 




131' 


32 




Bulgaria 




27 


0 




Czeihobtovakta / 




5b 


11 


55 


Hungary , 


10 


3b 


14. 


35 


PoHind 


18 


• 43 


5 


40 


Rumania 


8 , 


2b * , 


0 


25 • 


ugttslav ui* 


12 ^ 




8 


35 


( lermanv 


5 




5 


5 


Tot^l 

• 


134 


3b0 * 


87, \ 


302 
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Appendix A 



National Science Board, "NSF Staff ' 
Advisory Committees and Panek...^^ 



NATIONAL SCIENCE BOARD 

Terms Expire May 10, 197S ^ 

* .W Glenn Campbul. Diret lor,, Hoover InsUiuiion on War, 
Resolution, 4nd Peace, Stanford Vnuersii> ' ~ 

T Marshall Hahn. J R . President, Georgia-Pacific C>>rpora lion, 
Portland, Oreg 

Anna J Harrison, Williaim R Kenan, Jr , Professor of 

Ghemisir>, Mtiiinj Ho]>ol?e College 
William H Meckiij^g, Dean, Flie Graduate School of 

Managefrieni. The L'ruversiiv of Rcxhester \ 
William A , Nierenberg^ Director, Scripps Instiiution of 

Oceanograph\, l'ni\ersit> of C^alifornia, San Diego 
*RissELL D O'Neal (Vue Chairman. National S<ienfe Board). 

C>)nsuUanl. KMS Fusion, hu . .'Vim Arlx)r, Mtf h 
Joseph M Reynolds, Bovd Professot of Physics and Vice 

President for Instruction and Research, Louisiana State 

L'ni\ersii\ 

Charier P Slighter, Professf^r of Phvsics and in the Center for 
Advanced Sii|d\. I'niversi^ of Illinf)is at L'rbana- 
C:han^patgn 



'Terms Expire May W, 1980 

Jewei P Cobb, Dean and PFofessort)f Biology. DouglassCxjIlege,' 

Rutgers I he State I'niversitN of New Jersey , 
•Norman . Ha(Kfrman {C-hair^n.iti/ National S<iente Boarj:!), 
. ' ^Pfesideni, William Marsh Rue I rtuersit> 

N HiBBARD. Jr , president. The L^pjf)hn Company, 

Kalama/oo, Mich , ^ ' 

Sai nders Mac Lane, Max Mason Distinguished Service Protessor 

of Mattiematu s, IJnuersitv of C-hKago * 
Crover t Murray, rnuersiry Proffssor, TexavTet h Tnuersu^ 

^ Complex ^ 
•Donald B Rice, Jr , President, Rand Corporation, Santa 

Monica. Calif * 
L. DbNALD ShieiDs. President, California State I'nim^sity. 

Fullerlon , 

•J^aMe^ H Zi'MBeR(,e, Presidtnt. SfHJthery ^Methcxlist I nuersitv 



' , Trrms Expire M<xy 10,1982r< 

Raymond L B^plinghoff, Vice President for Research and 
DH'elopment, Tyco I^boralf)ries, \m , VValtham, Mass 

CtoYD M Cooke, Cx)rporafeDiref tor-C^jrt^unitv Affairs, Union 
Carbide Corporation, New York, N Y*^ 

Herbert D Doan. C]hai>man. -Dcun Rcsoiirtes Cx)rporaiion, 
Midland, M^h 



• Member. Executive C>)mmVttee 



John R Hocness, President, University of Washington 
JrViLLiAM F Hl'eg, Jr , Professor of Agronomy aijd Deputy Vice 

President and Dean, Institute of Agriculture, Forestry, and 

Home Economics, University of Minnesota, St Paul 
Marian E Koshland, Professor of Bacteriology 'and 

Immunology, University of California, Berkeley 
Alexander Rich, Sedgwick Professor of Biophysics, Departmerit 

f)f BioFogv, Massachusrtis Institute of Technology 
(Vacancv) 



Member, Ex Officio^ 

•Richard C ATKl^'so^; (Acting Chairman, Executive 
C^omrhittee), Actipg Director, National Science Foundaiipn, 
Washington, D C ' 

\:.ERN ice Anderson, Executive Secretary, NaUonal Science 
Board, National Science f/jiindation, Washington, D C 



NATIONAL SCIENCE FOUNDATION STAFF 

tyirecior, (Acting), Ruhard Atkinson 
Deputy Director, (Acting), E^iward C Cieutz 
Director, Office of Equal Employment Opportunity, 

Herbert Harrington, Jr , , • 

General Counsel, Charles H Herz 
Deputy General Counsel, Mar>ann B Lloyd 
. Director, -Off ice of Government and Public Programs, ' 

Thecxiore W Wirths ' ^ * 

Deputy Director, Offtce of d^'ernment and Public 

Programs, Jack Krauhman r ' 

Associate Director for Public Programs, 
Theodore Q Drury * 

Head, Congri^ssional Liaison Branch, Patricia E Nicely 

Head, Public Information Branch, Jack Renirie >' 

Head, Communications Resource Branch, Bruce R Abell 

Head, Community Affairs Branch, R, Lynn Carroll 
Director, Office of Planning and Resources Management, 

Jack 1 Sanderson 
Deputy Director, Office of Planning and Resources * 

Management, Waltoft M Hudson 

Audit Officer, Audit Office, Robert B Bo\^en 

flead (Acting), Budge"! Office, Thomas Ryan « 

Head, Evaluation Staff, Harry J. Piccariello 

Head, Plannir\g and Policy Analyts, i 
L Vaughn Blankenslfip ^ * 

ff^ad. Programming (Jffice, Syl McNinch, Jr , 

head, Prdgram Reinew Office, Ijewis P Jones ' 
Asustant Director for Astronomical, Atmospheric, E^th, 

and Ocean Sciences, Roberj E Hughes 
Deputy Assistant Dir<^tor for ftstronomtcal, 
• Atmospheric, Earth, and Ocean Sciences, ** 

Fdvvafd P Tcxld 
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Deputy Assistant Director, Operations, Daniel Hum 
Director f Acting), Division of Astronomical Sciemes,* 

R. iMarcus Price . ^ 

Director (Acting), Division of Atmospheric Sciences, 

Edward P Todd 
Director (Acting), Division of Earth Sciences, 

Norman D WaUcms , 
Director ( Acting), Division of O'cetin Sciences (Rotational), 

Feenan Jennings, Mar> Johrde 
Director, Divisioriu)f Polar Programs, Robert H Rulford 
Assistant Director for Biological, Behavioral, and 

Social Sciences, Eloise E Clark 
Deputy AssistanttDirector for Biological, Behavioral, and 
Social Sciences) \'ac3ni 

Director, Dwislon of Behavioral and Neural Sciences, 

Richard T Louiiii 
Director (Acting), Division of Environmental Biology, 
John Brooks • * 

Director (Acting/, Division of Physiology, Cellular, and 

Molecular Biology, Eloise E Clark 
Dtrettor, Division of Social Sciences, Herbert ^K Costner 
Assistant^Director for Mathematical and Physical Sciences, 

and Engineering, Axd (.^ Creutz 
Deputy Assistant Director for Operations, Jerome H Fregeau 
Deputy Assistant Director for Planning anch Evaluation, 
• M, Kenl Wilson 
Direcfnr, Division of Chemistry, Jack B Kinsinger 
Direcmr (^Acting)! Division of Engineering, Charles Polk ^ 
Director, Division of Materials Research. Ronald E Kagarise 
director. Division of Mathematical and Computer Sciences 
John R Pasta 

Director, Division of Physics, William E Wrighl ^ 
Assistant Direaor for kesearch Appliratton s, Alfred J. Eggers. Jr 
Deputy Assistant Director fur ResearcTbApphcattons. 
; Richai'd J (»reen . ' v. 

Deputy Assistant Director for Analysis and Planning, 

LarnwCor^buugh , 

Director, ()(fice of Programs and ResoMrces, Burl Valenline 
Director, DujJiiOn of Advc^nced Eriergtand Resources Research 

and Technology, Drmald Striuh 
'Director (Acting), Division of .Advanced hnmronmental 

Research and Technology, Charles C Thiel 
Director (Acting), DiJHSion of Advanc-ed Productij^ijy Research . 

and Technology, jdmts p (>f)\vhig » 



Director, Division of Exploratory Research and Systems 

Analysis. Joshua Menkes . 
DirectorcVivision of Intergovernmental Science and ' 
Pu/bfic Tech^logy, Wijliam Wemiore 
ctor. Western Projects Office, Sidney Sternberg 

ssistant Director for Science Education, Harvey Ayerch 
Deputy Assistant Director for Science Education (Acting), 
^ Allen M Shmn 
Group Director, Office of Program Integration, Alphonse 
Buccino 

Director, Office of Science and Sociejjf^ Alexander J Morm 
Director, Division of Science Education Development and 
Research, Jerome S Daen j 
Director, Division of Science Education R*sourcirs 

Impr&vement,^3hcT L Gillespie 
Director, Diyision Of Science Manpower Imprcweprfnt, i^v/is 
A Gist ^.--"w 
Assistant t>irector for Scientific , techno logic al,Jand 

International Affairs (Acting), John V C^rarmer 
Deputy Assistant Director for Scientific, Tecf^iological, and 

International Affairs (Acting), Thomas lib 
Special Deputy Assi^ant Director, Internatwt^l Afjairs, 
f T O Jones e 

Director of Operations (AcUng), Richard R Ries 
Deputy Assistant Director for Planning and Programs (Acting), 
Leonard L Ledennan ^ 
Director, Division of International Programs, "Bodo Bartocha 
Director (Acting), Division of Policy Research ahd Analysis, 

Thomas Ubois 
Director, Division of Science Resources Studies, * '-^ 
/ Charles E Falk » 

Head, Division of Science Information, Lee G Burchmaf 

Assistant Director for A^dministraticm, Eldon D Taylor 
Deputy Assistant Director Jor Administration, f ^ 
( » eoTge J* 1 la r in OS 

Director, Dtviswn of Financial and Adminiftrative 
t Management, Kenneth B Foster 

Director, Division of Grants and Contrasts, Ga>lord L Ellis 
Director (Acting), Division of Information Systems, 

Emilif) Naranjo 
Director, Division of Personnel and Management, Fred K 

Murakami ; 
Director, Health Service, James VV l>ong. M D 



ADVISORY COMMITTEES 
AND PANELS ^ 

OFFICE OF THE DIREC1f)R 

Pbesi^ent's Committee on juti 

National Medal of Scii,nce 

ti 

John D Baldes<hv\ieler 

C^hairman, Department of Chemislr\ and 

Ch^mual F^gineering ^ 
California Institute of Tec hnologv 

Ivan L Bennett, Jr 

Provost of the Metiiral C^'nttT and » 

Dean of the S<hfxjl of Medic uie 
New York I'niversiiv * , ' ^» 



ERIC 



R H Bmg- -' 

Professor of Mathematus » 
rni\ersit\ of Texas at Austin 

rhefKlT)re I (^inis * * 

I)ir((tf)r. (antral Research Department 
t I DuPont DeNemoiirs and C/O , Iik 
VViFlfnington. Del, 

tdvsard F Diuid 

Fxetutive Vue President. Rest'arth, 

Development and Planning 
C.()uld/In( • 
Rf)lling Meadows, 111 

Robe rt H Dirkjr ' < 

(.vrus Bra(k(tt Pr(jfesv)r t)f Physus 

Priiuetf)n Tnuersit) ^ 



Kan C»ia<*ver . ^ # 

(x)rporate Res<'ahh and Development 

C>en^r ' . ^ * 
(»eneral Electric Cx) 
Schenectadv, N Y 

Philip Handler (ex f)fficirt) 

President, Natif)nal Academy of Scrpn^s 

William D "MfElrov 
», (Chancellor 

l'inversit> olf (iilifomii San Dicgo ' 

' Nathan M Newmark 

Profesv)r of Cuil Engineer inj^rld Prfiffssor 
^Vm-^anTtrrtor Advanced Studies 

iJnKersity of Illinois ' ' ^ I 
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lUlth R. Potm 

Chairman, DepaHSfnmt of N^lecuiar, 

Cellular, and Developmental J^ology 
Universuy of Colorado * ^ 

Frank Press 

Chairman, Dep^uneni of Earth and 

Planetary Sciences 
Nfassachusetts Institute of Technology 

H. Guyford S^teVer 

Science Adviserto the President 



OFnCi;,€tf PLANNING AI^l) 
REMUI^ES MANAGEMENT 

The Alan T.AVatekman ^ 
(^MMrmE ^ 

John Bardeen. Professor Emeritus 
University of^ Illinois^ Urban a 

Wilham Broader, Professor of 

Mathemaucs, Princeton l^niversity 

Melvin Calvin, Director 
^Laboratory of (Chemical Biodynamics 
'University of California, Berkeley 

Adrian Chamberlain, Fire>>4eftt 
Colorado Slate Uiii\ersrty 

'Frank Cotton, Robert A VVeliih ' ' 

DistingtSshed Professor of Chernistr>^ 
Texas A&M Universiiy 

Leo Goldberg, Director 

Kitt PeakTNational Obser\atory 

- Norman +!ackerman. Chairman 
>Ja^ionar Science Board . 

Phihp handler, President 
N^tioniJ Academy of Sciences 

Gardn^JLmd/ey, Director, , 
Center Jor Advanced Study m the 
Behavioral Sciences, 

Clement Nlarkert, Professor of Biology . 
Yale Univetsity * 

Ruthl^atrick, Curator of Limnology 
Academy of Natural Sciences 

,■ <■ - 

O^cn Phillips, Decker Professor of 

Science and Engineering 
Johns HopTcins University 

Norman Ramsey, Higgins Professor <^f 
Physics, Harvard University 

Robert Solo, Professor of E<onomi( s 
Mictfigan State University 



DIRECTORATE^FOR A5TRONOMIQAL, 
AtMOSPHERIC, earth; AND OCEAN 
SOENCES 

ADvisoiv Panel fob AspiONOMY 

Anne P^dowley ^ 
Department of Astronomy 
University of Michigan 

Alexander Dalgamo * 
Harvard College Observatory 
i 

Beverly ,T Lynds 

Kitt Peak National Observatory 

Tucson, Ariz 

Edwatd TNfey 

School of Physics and Astronomy 
University Minnesota 

Benjafnin F Peery 

Kitt Pralc Nauonal Observatory' 

Tucsor^ Ariz 

^ P A StrittmJitter 
Steward Observatory , r 
University of Arizona 

Wilham' J Welch 

Radio Astronomy Laboratcy^ 

-University of California, Berkeley 

Jack B Ztrker 
Institute of Astronomy 
Universitv of Hawaii 



ADvtsOKY Panel fob Atmosfhekic ^ 
Sciences 

Reid A "^Bryson 

Institute for Environmental Studies 
^ University of Wisconsin 

* Edwin F Danielsen- 
National Center for Atmospheric Research 
(Boulder, Colo , 

Ale^fcander J Desster 
Department of Space Physics and 
Astronomy, Rice finiversity 

f 

Andrew F Nagy 

Spac« Physics Research Laboratory 
Umversity of Michigan^" 

Joan?!?' Simffcon « 
Department Qf 'fenvironmenial Sciences 
University of Virginia 

Edwaitl P Todd 

Divisi6n of Atmosphere Sciences 
Nati(5nal Science Foundatidn 



John M. Wallace 

Department of Atmospheric Sciences 
University of Washington 



Advisoby Panel fob Eabth Sciences 

w 

Thomas J ^hrens . 

Division of the Ge61c>gk:al Sciences 

Califomu Institute of Technology 

Alfred G fischer 
Department of GeolooK^land 

Geophysical Sciences 
Princeton University 

Bruno J Giletti, Chairperson 
Department of Geologioal Sciences 
Brown University 

John C. Maxwell ' * 

Department of Geological Sciences 
University of Texas 

Thomas V. McEvilly 

Department of Geology and Geophysics 

University of Califomu, Berkeley 

Amos M Nur ^ 
Department of Geophysics 
^lanford University 

Lloyd C Pray ' 
Department of Geology and Geophysics 
IJniversity of Wisconsin 

Lynn R Sykes 

Lamont-Doherty Geological Observatory 
Columbia University 

, Norman D Watkins 
^Graduate School of Oceanography 
University of Rhode Island 

Peter J. Wylhe 

Hinds geophysical Laboratory 
University of Chicago 



Inteknational Decade of Ocean 

EXPLOKATION PkOPOUL REVI^ PaNEL 

Christopher Harrison 
, Rosenstiel School of Marine and 
Atmospheric Sciencj;, 
University of Miami ^ 

Donald W. Hood 
Institute of Marine Sciences 
University o^'^Alaska 

Victor J Linnenbom 
Office of Navaf^Research 
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Gprdon Rilp> 

Insutute of OJeahbgraph} ^ 
Dalhousie Universiiv ' 
Halifax, Nova Scoiia, Canada 

Peier Tatro. CDR. TSN . ^ 
Acousiic Environmenul Support 

Detach men I 'f, 
Olfice of Naval Research 

Bruce A Warren 

Department of Physical Oceanograph> , 
Woods Hole Oceanographic Institution 

Charles D Wocxlhouse. Jr , 
Santa Barbara Museum of Natural History 



Advisory Pan«. fo» Oceanociaphy 

PmojECT §^PFO«T 

Robert C Beards!e> 

Department of Physical Oceanography 

Woods Hole Ocean ographV Institution 



Pierre 
Lamoi 
Colun 



E Biscave \ 

it'Dohertv Geol^gual Observaicjrv 
bia rniversit> 



Nikol* I Christensrn , ' 
DeparjAient of Geologv 
rn«f^?it> o< Wiishington 

Rcjbert Cv- Douglas 
Department of Crtologual Vu-ruts 
Vni'versuv of* Southern California 

Louis I. Crordon 
Schfx)! of (Xranographv 
Oregon State I nivrrsiu 

Holger W Jannasch 
Department of Biolf>g\ 
Woods Hole Oceanographu* InsiKution 

'Dafta R Kest^er 

Graduate Schtx)! of Of e.mograph\ 
Univhsity of Ithode Island 

Rueben Laskf»r 
Southwest Fisheries Center 
Department of C>ommfT(< 
National Marinfv,Fishwies Scrv u< 
La Jolla, Calif 

James J McC-arths 
Department of Biolog\ 
Hstfvardt'niversity 

Robert T Paine 
Dqwrime^l^f Zoology 
U ni vers 1 1 Wa shy ng t on 

John G Sclater 

Department of Earth and Planetary Scien(>^s 
Massachusetts Institute of Technologv 



Wihon Sturges 

Department of Oeeanography 

Honda State rniversit\ 



SpEaAL Advisoiy CoMMnrEE on the 
Sacramevto Peak Ome«vato«y 

Harold M Agnew 
Director 

lx)s Alamos Sciemifu, Laboratory 

William Golden , 
40 Wall Street ^ ^ *^ ^ 

New York. NY 

Robert \V ^'^^f^ 

Solar and Stellar Phvsus Division 
C>enter for Astrophysics 

Bernard* Oliver 

Vice President for Research and 

Development 
Mfw iett-Pac kard C/jrporation ' 

Prank U Orrall 
In>titute for Asuonomv 
I niversitv of Hav\aii 

Kugene N Parker ^ 
* laboratory for AstrophvsKS and Space 
Researt h 
I'nivtrsits of Chuago 

C»#i>rge W Preston * ^ 
Hale Observatories 
Pasadena, ^^\\\ ^ 

Robert Skri>anek 
Air Portr C-im bridge Resc^arth 

I^bora tones 
LG HalKom Field 

Arthur B C Walker, Jr J 
Institute lor Plasma Re*arch and 

Department of Phvsus 
Stanfo/d I'niversitv 

Harold !• Zitm 
- C^lifrjrnia Institute of Technology 

•Gerrs W Minshall 
Depari|nent of Biology 
Idaho State rniversit\ 

Duncan T Patlep 

Department of Botany and Microbiology 
An/ona State University 4 



Michael H Smith I 
iv^n^aK. River KfofA*' laboratory 
ikenTs>k*.«^i^ 



AoVisoKY Panel fob Economics 

Jarries U Blackman 

Program Director for Eeor^jfiics 

Natjonal Science Foundation 

Rudjger Dombusch ' ^ 

Departmen^^f Economics 
Massachusetts Institute of Technology 

Ray C F'air 

Cowles Foundation for Research 

Economics ' 
Yale'TJnive'rsity ^ 

I^obert J Gordon 

Pepartmerv of Economits ♦ 
Northwestern University 

, t 

Peter Mieszkovsski ^ 
Department of Economics 
Urtiversily of Houston 

Michael Rothschild ^ - 

Department of Ecqncxnics 
Princeton University 

Joseph Siigliu^ 
Department ol Economics 
Stanford University 

Advisory Panel fo« Genetic Biology 

Laurence Berlowiu 

Genetic Biology Program « 

National Sciertce Foundation 

Allan M Campbell * 
Department of Riolf>gical Sciences 
Stanford University 

Mario B Cape((hi 

Department of Biology 

University of Utah *♦ 

Roy Curtiss. Ill 
i School of Medicine 
University of Alabama 



Sa 
Aiken 



James M Tiedje' 

Deparin^nt of Crop and Soil Sciences 
MuH'gan Slate University 



Bernard N Fiflds " . . 
Departittent of Microbiology and Molecular 

Genetics \ 
Harvard Medical .Sch(X)l .« 

Ira Hersko<vit2 

Department of Biology ^ 
'-University of Oregon 

Dan L Li^dsley 

DepaV-ment of Biology 

University of California. San Diego 

Ronald L Phillips 

Department of Agronomy and Plant G^e 
University of Minnesota 



IC .... 
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Kmneih D franof ' v 
Insmuie foi: Can(;er Research 
Philadelphia, Pa « 

« Abvisobv Panel foi His^iy asd , 
Philosophy of Scicmcz * 

.'Stephen Brush ^ ^ 

Insmuie of Physical Science and 

•Technolc)g> 
Universiiy of Maryla/id 

Arthur I Fine , 
Departtneni of Phiiosophv t 
Universii> of IlKnois at Chicago Circle 

Ian Hacking ^ 

Deparimeni of Philosoph\ 

StanfQrd Vni\ersii\ ^ . ^ 

' Thomas P Hughes * 
History and SocioIog\ of Science 
, Lniversiiy of Penns\Kania 

Ronald J Overmann 

Assistant Program* Director. 'Hi storv and 
Philosophy of Science Program 

NaHonal Science foundation 
, • * / 

Nathan Reingotd ^ 
' John Henry Papers 

Srhithsonian Institution ^ 

William A Wallace ' 
Department of Philosophy 
Catholic Uni\ersit\ 



AovisoiY Panel foi Hlman 
CciL Biology 

Carl Anderson 

Brookhaven National bora ton 
/Asscx^iaied Unwersiti^s. Inc * 
^^^^^ 

Suzanne U Emerson 

Department of Microbiology 

University of Virginia 5chool tA Medicine 

Stephen Harn^n 
GiblHvJ^b 
Harvard University 

Lcroy E Hood ^ 
Division of Biology 
^ Cahfomia Institute of Technology 

Joel A Hubcrn)an ^ ^ - 
Drp»artmmt of Medica) Viral Oncology ' 
Rpswell'Park Memo riak Institute ( 

Herman W Lewis 
Head, Cellular Biology Section 
National Soe nee Foundation 



V 



Brian j \JcCanhy^ | | 
Departrtient of Biprhemistry 
rnivers^iy of CiLifomia, San Francisco 

^Robert E Pollacfe 
Department of Mici^>biolog> 
State Unive rsity ^ LNcV York at' 
5towy1 

Patricia SpeaT 

Department of Micfobiologv * 
L'niversity of Ciiicago * 

. % 
Advisoiy Panel foi^ Law and 

SOQAL SCTENCES 

Shan S Diamond 
Deoartment of Cnmiijal Justice 
L'rii\ersity of Illinois 
f 

Marc Galanter _~ 
Law^hcx>l 

L*mvei^it\ of Wisconsin 

A1\ in K Kle\onck 
lja\^ School 
Yale University 



Richafd O Lempert 

Law Sch(X)l ^ 

Uni\ersity of Michigan 

Sheldon L Messinger 

Center for St*jdy of Law and S(x:iet\ 

Uni\er|it\ ofX^Uforfiia, Berkeley 

Franklm E Zimring ^ 
Law School 
Umyersit^ of CiiicagCi 



•Advisoiy Panel foi Lincvistics 

William O Pingnall ^ 
Linguistics Program , 
UrtileKity of Maryland ^ 

Victoria A Fromkin 
Department of Linguistics 
Uni\ersity of California, Los Angeles 

Rol^rt H I Goddard, HI , ^ T 
Assistant Curator 
Smithsoniatv Institution 

Roger W Shuy 
Scx^iolinguistics Program* 
C^rgetown University i 

Carlota S Smith 
Department of Linguistics 
Uni\ervty of Texas ^ 

'Arnold M Zwicky, 
Department of Linguistics 
Ohio State University 



Advisoiy Panel foi ^emoiy and 

COCNITTVE^ PIOCESSES 

' Herbert H. Clark 
Department of Psychology 
.Stanford University 

William K» Estes , 

Mathematical P^vphology Laboratory 

Roclcefeller University 

Rochel S Gelman x 
Department oJi*sychoiogy 
University of Pennsylvania 

James G Greeno ' * 

Learning Research and Development 
Cen t^r 

University of Pittsburgh , 

Edwin^Martin 
Department of Psychology 
^University of, Kansas , 

Roger W' Schvane\'eldt | 
Department of Psychology ' 
State University of New York at 
StOny Brook 



Advisoiy Panel foi Metabolic Biology 

Winston J Brill 
Department of Bactniolog^ 
Uni\ersit\ of Wisconsin- 

Richard'A DiUey. * • 

Department of Biological Sciences 
Purdue Ur>iversity ^ 

Alan D Elbein 
yealth Si'ience C>enter 
Uiii\ersity of Texas- , 

Lowell P Hager 
Department of Biochemistry 
University of Illinois at ^ 
iUrbana-Champaign 

1 * • 

^anklin M Harolc) 
DiMsion of Research 
National Jewish Hospital " 

Henry Kamin ^ 
pepartmeni of Ricxhemistry 
Duke University Medical Center 

Walter D l>c>omis ' * ' 

Department of Biochemistry and 

Biophysics ^ 
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Appendix B 



Patents and Inventions Resulting from Activities Supported 
by the National Science Foundation 



During fiscal >ear 1976 and ihe iransiiion qiiarier. ihe 
Foundaiion received 186 invGniion disclosures and made nghis 
deiernri nations in^O mveniionb The deierminaiions. made m 
accord<tnce wiih NSF Paieni Regulaiions, incLuded det ismns lo 
dedicate ihe mveniions lo ihe public ihruugh pufili^uiion in40 
cases, lo transfer nghis looiher mieresied Govexnmeiu^gencies m 
7 cases, lo permit reieniion of nghis bv ihe grantee or mvenior in 
22 instances, and aiquisi lion of rights b\ NSFinonec^se At the 
end of ihe fist a I >ear NSF had entered into luo addmonal 



Institutional Patent Agreements for a total of 13, under which 23 
^inventions were selected for exploitation Licenses were received * 
^ b> the Foundation under four patents and 67 patent applications *t 
filed by grantees and contractors who had been allowed to retain 
principal rights m their inventions 



The following t' S Parents fssued from research supported by 
the Foundations, 



» No 



3.892.8S9 
3.89i.^61 
3,902.096 

3.902.8-18 
3,902.99^1 



3.5H.3U 

5,§1 6.905 

3.921.415 

3.922.2^ 
3,932,592 

3,931.192 

V 

3,934.92^ 
3.935.457' 

3.955.592 



rule 



Prcxess for fcTrming Nitrosvl Tetrafluoroborate 



Method and Ap^jaratus for Reliably Parallel .Self-Shifting 
Information m a Plasma Displa\ Memory panel 

MethocTof and Apparatus for txciiing Luminescence in a 
Cathcxle Ra\ Tube Having an Image Screen (composed of a 
Material that is Both C^thochromic and (^thodoluminescent 

Li(jiiid (.hrimiatographv Detector and Method 

High Gradient Tvp^* Magnetic Separator with- (/^ntinuousl)^ 
Mo\ irxg Matrix 



3.904.501 FlucTtine Plasma Svnthtsis for Cxirbon Monofluo^des 



Cathcxle Ra\ lube Whose Image Scre«n ts both Cxithcxlcx hromic 
and Fluorescent aftld the Material for the screen 

Methfxi and Means foroi^c^Repair of Severed Peripheral 

Nerves . * * ? 

f 

Force And rorcjiie Sensing Method and Means for Manipu- ^ 
lalors and the Like ' 

V'lnyhc Substitution Reactions 

Pr(xess for Preparing (-athodochromic Sodalite H^mg 
Fnhanced f /iloration Properties and a Cathode Ri^ 1 ube 
FmployinK Same ^ 

Method of Detection of Ions in Solution that are Sus- 
ceptible to an Applied Fotce Field anfl Apparatus 
rherefor 

i , 
AercHlvi'iamic Drag Reduction Devices for Surface Vehicles 

. The Prcxiuc^tion oC Radiation-Induced Tiiermally Activated 
Current Devices by Selective Purific aticin pi Dielectric 
?5r)lid Material ^ 

Reford*ng'lnstrument Adapted for Use in Remote Unattended 
Locations ^ ^ ^ 
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Institution 



Massachusetts Institute of 
Technology 

University of Illinois 



Massachusetts Institute of 
Technology 



Ariiona State University 

Massachusetts Institute of 
Technology 

Massachusetjs Institute of 
Technology 

Massi^chusetts Institute of 
, Technology 

University of Cincinnati^ 
Stanford Research Insiiiuie 

University of Delaware 

Massachtisetts Institute of 
Technology 

Massac husetts'Institute of 
Technology 

Aerovironmeni 
UnLvmity of Wisconstn 



Massachusetts Institute of 
Technology 



125 



3,944,732 Methods of Improving the Sensitivitv of an AcousticaUv * 

Scanneii Optiial Irnagnig Devue 

3,946.381 (»ra^>hif System Apparatus' Utilizing Plasma Display 

Mmior> Devufs with Duett tlectrual Read-Out 

3.947.622 Vaiuum Insulated AC. ^upertoujuttmg Cables 

3.9'19,320 Miniaiure Cj^vstallme Use^ 

3.9^0.789 Drv ke (xx.hng Jaiket 

3,9«>1.689 , Alkali Metal Sulfur Oil u ith Gas Fuel Ct-ll KIe( trode 

3.952.HH0 horct and lorcjue Sensing \Ieth(xl and Means for Manipu- 

lators and the Like r 

3.954, iH') Svnthtsi^ of TnfluoroniethU-Substituted Cx)nipc)unds 

3.961,102 Scanning Heitron Muiostope falnu atioii of Of)tual 

C»ratings 

3,961.997 t-abritation of Polvxrvstaljine Solar (>tHls ou IxnvXost 

Substrates ^ 

* ♦ 
- 3,962. iHh Sensiti'/ation of Radujihermolummesceiue m Dosimetry 

C»rade LiK b\ Simultaneous Apfxalmg and riiraviolet 
lllummation 

3.%2.70t) * Data Processing Apparatus for Highlv Parallel Execution 

of Stored Programs 
, \ ' ' ^ 

3.963.698 Mkvlations fcmploving In S^tu Generations of Diazoalkane 

Alkvlation Reagtnis 



3,9d3.H'i8 * ' High Vbltage Hedrual fTisulktor 



3.% 1.273 
3.%5,1I6 
. 3/J6f>. 192 

3.967.515 

3.970.471 

3.973.167 
3,976,501 
3,980.076 

3.983.398^ 

3.983,507 



(*x)inpai{ .\bsorpti*n Refrigeiatton .Apparatus 
Multioxymaf ro<^tles ^ / 

St)diuin Sulfur Battery of Q^ll with Improved^Ampere-Hour 

Apparatus im Cx^ntfolling Vibrational Chatter ill's - . 
Maihine'T(X)l Ttilizing an Tpdated Svnthemi Girc uit 

Meihcxl antl Apparatus for ^le( trorhe^ical OneratiOn of 
Power from C^rbr^naceous Fuels 
I 

. Spark Source with Flertroniu.Sw iti hing 

Pr(xess for Re( harging Secondary Batteries , 

Meth(Kl for Measuring Fxiemally of th^ Human Brxiy 
Magnetu Susreptibility C^hanges 

«Melh(Kl and Apparatus for X-Ray or (iamma-Ray 3-D Tom- 
ography dsir^g a Fan Beam 

Tunable l^iser Systems and Method * 



; ^ll^s 



StcMiford University 

University of Illinois - 

Massachusetts Institute t)f 
Technology 

Massa<«husetts Instituit^f 

Fethnology 

■ ■ i 
Kansas State University 

t 

Kord Motor Cxy 

Stanford Research Ir^tituie 



Massachusetts institute of 
Technology 

Cx)fnell UniuaiUy 



Southern Methcxiist 
University 

♦ 

/University C)f Wisconsin 



Massachusetts Institute of 
Tec hnologv / 

Mas^chusitts Institute o^ , 
• ' T^hnology 

M2[ssac hifsetts ^tijute of% 
Tethnolctgy 

* Arkla Indt^^tTies 

University of California 

k 

^or^ 'Motor Co ^ ^ 

Purdue University 

Stanlbrd Research Institute 

Unm rsity of .Wisconsin 
* Foj-d Motor Co ^ 
Stanf^i^l University 

f Stanford University ^ * 

Cf^rnell University 
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Appendioi C 




Financial Report for Fiscal Year 1976 



(in Thousands of Dollirs) ^ 



ttkmCmi txpMMS Approprtafion 

J I Fund Avwiabilrty 

nal year 1976 appropriation 

UnoMgi^ed tnihce earned forward from fiscal year 1975 
Oeferrals carried forward from fiscal year 1975 
Wiustm^y^ prior year tosts 
^r 1976 availaWity 

ObliptioM 

^jMathefntflrif arnj physical sciences, and encimering . 
^ Mathematicat sciences 

Compute r<fesearch * * « 

Ptiysics ^ ' 

Cherwstr^ , 
^gmeerini A 



$71U50 
4,868 
i0.000 
2.803 



eartn^id o 



;al sciences, and engineering 
wean sciences 



Materials research 

Subtotal, mathematical 

Astronomical, atmospfwric. eai 
Astronomy al sciences t 
Atmospheric sciences 

Earth sciences ' 
Ocean sciences ^ - 

U S Antarctic research proram 
ArctK research program 

Subtotal, astronomical, itnrospfwi^, eartti and ocean sciv'ce* 

Eyplo^cal, behavioral and social sciences. ^ " 

Pttysiology, cettular and molecular biology 
Behavioril and neural sciences ; * 
JEnviroomental biolpgy 

Social sciences * ^ 

« Subtotal, biological, behavioral and social sciences^ 

Science eduutwo \ ^ 

Science manpower improvement-. , 
Science edtfcation resource! improvement • 
, Science education development and research 0r 
^lence and society . * ^ 

Subtotal, science edycatidh ^ ^ 

{Research applied to national needs. V 

Resources / 
. Environment, i* * 

Produttivity f ^ , 

imergoverome^al science and R&D tncenbves 
Exploratory risearch and-technotogf assessment ^ 

M ' ^btotal. res^rch applied to national needs i • 

' Scfntific, technoiopcai, and mtefnabonal aftatn 
* Internftional cooperative sctertbfic activities ^ " ' ' , 
Science intifmation activities / 
Science assessment poticy,«nd plani\^g 

Subtotal, scientific technolo^l. and 

Pfol^lh) development and rKanagemenV 

^ Subtotal, obligations ,^ * ' • 

^ ^ A&minstratvn def^rals carried forward to Uansiborf Quarter ^ 

Unobligated balance ^rned forward (o transition quarter 

^ Total, hscal year 1976 avaiUbiWy 

. <n 

• Spectai Fortifii Cufffiey '^°2^yjj|j,j^^^(J''"'^ 

^ Fiscal year 1976 appropriabon * ^ 

UnoW^ited t^Unce carried forward from iiscaim*f 1975 
* Adiustments o^prwr yt|r costs 

Fiscal year 1976 availability ' ' ^ ^ 



$17,257 
13^16 
45.171 
34.650 
35,848 
46.123 



M8.635 
^44 



44327 

27.121 
47.082 
48385 

'3.621 



$43,694 

19.689 
26.838 
.'18.814 



$1*5^1 
26.982 



^ 24.108 



473^921 



$192,265 



$219,571 



$109,035 



$24,882 I 
24325 
10.932 
2.342 



$62.4$1 



4.336 1 
1.400 



$72,027 



$7,529^ 
5.895* 
8.986 



labonal affairs 



$22,410 



y2.226 



$IKW15 \ 



$10,000 



$8,906 



$738,921 



$4,000 ^ 
1^98 
4 



$5302 



ERJC. 



$300.000/year Man in ihe^Arcbc >^or|m,^»nsftrred to the Biological. "Blavioral. and 

137.. . 



Soaal Sciences Adnnty 

r 
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^ OWiptiou? 
Sptctil ibrticn currtncy activity ' «^ 
. Risearch and reUtad actvi^ profrani ' 
Sc«ncf information prar>ni ^ 

' SbbMal, oMfabons 

Urw6h|iled bibiKe carriad forward to transition quarter 
TotaJ, fiscal year 1976 avatlabriity 

Trwt FmH' < 

FMd Avwifbiirty 
UnoMcated baladce carried forwird froni fiscat^ear 1975 * 
Receipts from non-Federai sources 

^ Focal year 1976 avaiUbriity' 

^ OMiptMes • 

Aslronemicll, itmospfienc, cartti, and ocean sciences: 
Kitt Peafi Nitionat Qteervatory 
Ocean sQdiment coring profrani 

. SutilwWonomical. atiAosphenc, eartfi, and ocean sciences 

Gifts M^fRtions 

SubtoUl, obli|atio«ft 

Unot)ticated balance cafflflbrward to transition quarter 

Total, fiscal yearJ976 avaitabiltty 



Afpropri^ ' V 

Fund Avaifawn^ ^ 

appropnatwi „ 

carried forward from fiscahyear 1976 
forwird from fiscal ye«r 1976 
year costs . 

luarter IvatlabdR^ 



' OMiyatJOiit 

Mattiematicai and pftysical sciences, and engineertr^ 
Matfiematical sciences « . , * 
r research • 



$4,163 

. 239 



$4,402 



$900 



$2,569 
• 1,605 



$4,174 



$40 

3.092 



$3,132 



$3,136; 



$i.038 



- $4,174 




wistry ' 

EnpneerHig ^ , 

Mitenais research 
Subtotal. ifSafHlKiatical and plty^l sciehces,^nd engine«riT|^ 

Astronomical, atmospheric, earth, and ocean soenc^ ^ 

Astronomical sciences • ^ * 

Atmospheric sciences * ' ' 

»%th sciences , - % ^ -i 
*' Oc^an sciences 

ui Antarctic research progranr ^ 

Arctic research program ' 

SutJtotai astronomical, atmospheric,-«a<1|i, and ocear^ stiehces 

BioloiicaL fiehavMcal, ar^ social sciences: 
, Physioiogy, ceiulai fill liXemjir Jbiolocy 

Behavioral and neural scMces, 

Emnroomental bwiogy 

%oc»l sciences » 

Subtotal, biolo0£al, behavioral, aQd social sciences 

Science educahon 
Scence manponwr tmproytmenJ 
Science educahon resources improvement 
Science educahon development and res^ch 
Sci^ce and-toefty 
Subtotal, science e^|atoi{ , ^ ^ 
] to nahoRl needs 



AWT' 

environment 



IntoriDvemmental sciMce and R&O incenhves 
Exptoratd(y.reKM:ch and toctmoloiy assessment 

Subtotal, reteirch appbed to national needs ' 

Scientific, ^hnotoycal. and Mtom^|ional af^rs: 

IMimetionai cooperative tOMlAc actnnties 

ScNnct information idMliap 
* Sciipce assessment, pohcy, and pUnnmg 

%Motal. ftuenfefic, iKhnotorcal. and mtematfisnal'aftairs 
FMfiMP*'*'^^^'^ ^ manafament i 
Subtotal, oblications 




1*35 







* 




• 

$6,149; , - ^ - 






$fo^ti 




\ 


$i65jia ' « 
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Unobt«riBd biiifice tepstni from fisul yur 1976 
Mmtnistntion ddfrrib cvrmH torwrdlo fisal y«af 1977 
UnoMfHed btlance camtd lorwvd to fiscal year 1977 
^ Total, traflstwn quarter availiMty 



Sftcitl Fornix CwTMCy Mfropmtioa 

FMi AvwMrty 

TransitKM quarter appropnatwn^ 

Unobl«9lid balince earned forward from fiscal year 1976 ^ 
I Transition quarter aveilabilrty 



$lt3 



Special lorttfn currency activitr 

Researofand related activities profrim 
' Scwoce inlormitiQp prori"' * 

Subtotal, obhcitiorts 
)jnoWi|iled balance lapwng from liscai year 1976 
Unoblifated balance earned forward to fiscal year 1977 
Total, trarwrtw tjuarter avarlabdrty 

Trwt FiMl4 ^ 

Unobhfated balance earned forward from fiscal year »76 
Recetpts from nop-Federal sources 
Transrt^l^^rter avaOabihty 

OWiptiofis 

Astronomical, atmosphenc earth and ocean sciences. 
Ocean sedimeiH coring profram 

Subtotal, obligations 

Unobligated balance carnjd forward to fiscal year rt77^ 

Total. Uansibon quarter availability 



90Uf«:ES Pf 1978 Revised 
Pf 1978 Budget to the Congr 



^^^mei 

pesP- Ju5 



..notary Budget Schedules to 0MB 
Jus^eabon of Estimates of Appropraboni 



110.000 



w $11,462 



$117,458 



$500 
900 



$1,400 



$690 

321 



$1,011 



$1,400 




✓ 
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Appendix D 



National Research Centers Conttactors 



• Associated Untvrrsities, Inc (Ak'Ij 
Gerald F Tape, President 

Nauonal Radio Astroifomy Observatory ' 
David S Heeschen, Director 



■V 



AUI Member Uni vers it 1^5 

Columbi«^ University 

Cornell University 

Harvard University ^ 

The Johns Hopkins University 

Massachusetts Institute of TethnoIogA- 

University of Pep^sy^vania ^ . 

Princeton University 

University of Rochesi^ 

Yale University ^ * \ 



Association of Vnwrrsities for Ffesfanh in 
Astronomyy Inc , (Al R-i) 
Gilbert Lee. President . , / 

Ccrro Tololo IntefAmerican Ob^rvator\ ^ ' 

Victor M BlarKO, Di^tor 
Kitt Peak National Obsmatorv^ 

Leo Qoldberg, Director f , 



AURA Membe^ I'niversities 
University of Arizona 
California Institute of TefhnoIog\( 
University of Cahfornia 
University of Chicago 
Harvard University 
Indiana Universitv 
University of Michigan 
'*Ohio State University 
Princeton University 
University of Texas at Austin 
University of W'is(ons,in 
Yale University 



Cornrll I rin'rTsit\ * 
W Donald CooVe, Vice President for Research 




Natioifal Astronomy and Ionosphere Center 
<ffrank D. Drake, Diret tor. Ithata, N V 
Harold D Craft rt)irecjor, Observ a torv 
()|XT.! t if )n s . \ re( 1 be » , P R 



• Cnwrrsity Corporation for Atmospheric Research (VCAR) 
Frantis P Bretherton, President 



. Nauonal Center for Atmospheric Research 
Francis P Bretherton, Director 



UCAR Menrber Universities 
University oj Alaska 
, University of 'Arizona 
California Institute of Technology 
University of California ^ ^ ^ . 
"fhe Catholic University of America 
University of Chicago » 
Colorado State University 
\ ^ University of Col<Ado 
f Cornell University ^ 
University of Denver ' • 
Drexel University » 
^ Flotida State University ' ^ 

F^arvard Uryverslty 
,L'nfversity of Hawaii 
Jowa State University 
* The Johns Hopki|is University / ^ 

; t'niversiiv of niinois at Urbana-Chamfwi^n 
^ . \ University of Maryland * 

■^MassacKusetts Institute of Ttchnofcgy . . , 

^ McGiIf Univ«'sity - 
Xlniversit^ of ^kaxm 
' University ^of^ichigan 
, Universuy^f Minnesota 

Ufjiver^ity of Missouri ' ^ ^ 
Uni^H^fty of Nevida^***^ 

lU) Institute of Mining and Technology 
New yniversity w ^ 
^^K^ State Urfversity of New* York at^Albany 

, v^'Qhio State University' . ^ * 

^'niversity of Okalahoma 
^regon lltate Uftivetsity 
Pennsylvania State University ^ 
Purdue«University ' » ^ v ^ 

The Rice University *" 
Saint Jjouisl'niversity • \ 

Stanford University 
Texas A&M University 
' University of Texas 

University of Toronto. ^ 
Utah State University 
-V-^University of Utah ^ , * 

University Of Washington ^ - 

^ ' University of Wisconsin 

Woods Hole Oceanographic Itistitution . 



:Dir 
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